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II 
CHAPTER 
1: BASIC ELECTRICAL 
CHARACTERISTICS 
OF DIODES 


It is impossible 
for a manufacturer 
to specify and to characterize 
a 
rectifier 
diode under all conceivable 
conditions 
of use. However, having a 
sufficient 
background, 
the 
circuit 
designer 
can 
manipulate 
data 
sheet 
information 
sufficiently 
well to ensure 
satisfactory 
operation 
in a wide 
variety 
of applications. 
It is the purpose 
of this chapter 
to provide 
the 
necessary background. 
Therefore, 
the characteristics 
of an "ideal" diode will 
be examined and compared to those of a real diode. 


IDEAL BEHAVIOR 
An ideal diode would be one which completely 
blocks a voltage of one 
polarity, 
allows full current 
flow when a voltage of an opposite 
polarity 
is 
applied, and has no power loss. For purposes of this discussion, however, an 
ideal diode will be defined as a diode which has no reactive components 
and 
follows the voltage-current 
relationship 
predicted 
by the simple first-order 
theory 
as developed 
by Shockley.C 1) This relationship 
is expressed by the 
following equations: 


~ 
IF = IR (€ kT - I) 


kT 
( 
IF) 
¢=-In 1+- 
q 
IR 


where: IF 


IR 


kT 
q 


= forward junction 
current, 


= reverse junction 
current, 


= a common 
semiconductor 
constant* 
which equals 26 mV at 
2rC (300 
0K), 


¢ 
= voltage across the junction. 


A plot of these ideal diode characteristics 
is shown in Figure I. The 
graph shows that any reverse voltage (¢ = -VR) in excess of a few tenths of a 
volt 
produces 
a small reverse 
current 
which 
remains 
constant. 
When a 
forward 
voltage 
(¢ = +VF) is applied, 
the forward 
current 
(IF) increases 
exponentially. 
In order to create a diode having a low forward drop and a 
high reverse voltage capability, it is necessary for the semiconductor 
layer on 
one side of the junction 
to be highly doped with impurities (low resistivity) 
and the opposite 
layer to have high resistivity corresponding 
to a low doping 
level. Diode characteristics 
are determined 
primarily by the physical wid th 
and the level of impurities 
in the high resistivity region. If the p region is 
more heavily doped with impurities 
than the n region, the p region will have 
the 
greater 
number 
of current 
carriers and will be the emitter. 
In this 


* k = Boltzsmanns constant (1.38 'x 10-23 joulestK) 
T = Absolute Temperature in OK 
q = Electronic charge (1.6 x 10-19 coulombs) 


instance, 
when a forward 
voltage is applied to the junction, 
the forward 
current 
consists mainly of holes that are injected from the p region (where 
they are plentiful) 
into the n region. In addition, there exists a small current 
flow 
of 
electrons 
from 
the 
lightly 
doped 
n region 
into 
the 
player. 


Conditions at the junction 
are depicted in Figure 2. 


n 
Hole Flow 
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0 
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0 
0 


Electron 
Flow 
0 
0 
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Holes 
o Represents 
"E xcess" Electrons 


length 
of 
arrows 
indicates 
relative 
amounts 
of 
hole and electron 
flow 
(current 
flow 
is actually 
uniformly 
distributed). 
"Excess" 
holes 
and electrons are those resulting from doping the pure material. 


When the junction 
is reverse-biased, 
the effect of the depletion 
layer 
must be considered. It arises because charges (holes in the p region, electrons 
in the n region) move away from the junction 
leaving exposed 
ions in a 
region near the junction, 
as indicated 
by Figure 
3. In order to preserve 


charge neutrality, 
more area must be exposed on the high resistivity side of 
the 
junction, 
because 
the 
density 
of 
ions 
is less there 
than 
on the 
low-resistivity 
side. Consequently, 
the depletion 
layer exists principally 
in 
the high-resistivity 
side of the junction. 
The applied voltage appears across 
the depletion 
region; essentially 
no voltage drop occurs in the rest of the 
material. 
As voltage is raised, the depletion 
layer in a given device widens 
because the higher potential, 
which is of a polarity 
opposite 
to the impur- 
ities pulls them away from the junction. 
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n 
8 


Wo 
= Physical 
Junction 
Width 


Xm 
= Depletion 
Layer 


Length of Arrows 
indicate relative amounts of hole and electron flow. 


The reverse current (l R) consists mainly of those minority 
carriers * in 
the high resistivity region which are close enough to the junction 
to be swept 
across 
by the 
electric 
field. As resistivity 
is decreased 
or junction 
area 
reduced, IR decreases as less minority carriers are available, also the forward 
drop at a given current increases with decreases in resistivity as VF is related 
to IR by Equation 
I. 


*Minority 
carriers 
are those 
of opposite 
polarity 
to that 
of the doping 
materials, 
Le., 


holes 
in n type 
and electrons 
in p type. 
A more 
exact 
treatment 
of reverse 
current 
follows in the next section. 


Although 
not 
apparent 
from 
Equation 
I, 
temperature 
exerts 
a 
considerable 
influence 
upon 
the ideal diode 
characteristic. 
The diffusion 
current 
(IR) roughly doubles 
for every lOoC increase in junction 
tempera- 
ture, 
due 
to 
thermal 
agitation 
of 
the 
semiconductor 
molecules. 
Since 
Equation 
I is valid at all temperatures, 
VF decreases (IF being held constant) 
when IR increases. The general "rule of thumb" 
used for the temperature 
coefficient 
of VF is -2.0 mV;oC; the exact value depends upon the forward 
drop of the junction(2) 
which is dependent 
upon the forward current and 
the 
diode 
area, 
resistivity, 
and 
material. 
Figure 
4 showp temperature 
coefficient behavior. 
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REAL DIODE BEHAVIOR 
There are a number of reasons why real diodes do not follow the ideal 
equations. 
Rather than complicate 
the equations, 
some effects are generally 
shown graphically 
while others 
can often 
be depicted 
by constructing 
a 
model or equivalent circuit for the diode. 


Leakage Current - Whenever a semiconductor 
p-n junction 
is reverse piased, 
a reverse or leakage current (IR) follows through 
the junction. 
The reverse 
current is the sum of three currents: 
ID, due to diffusion, IG, due to charge 
generation and IS, due to surface leakage. Therefore, 


The 
behavior 
of each 
of 
these 
components 
of reverse 
current 
will be 
considered 
separately. 
The "ideal diode" 
equation 
assumes IG and Is are 
negligible. 
The diffusion 
current 
(ID) is caused by minority 
carriers in the high 
resistivity region, which come under the influence of the high field across the 
depletion 
layer and are pulled across the junction. 
The diffusion 
current is 
strongly 
dependent 
upon temperature 
and is constant 
with voltage only in 


junctions 
in 
which 
the 
high resistivity 
side is very 
wide. 
Since 
wide, 
high-resistivity regions are a source of voltage drops, the width is minimized 
in most devices, and a dependence 
upon voltage is observed. An analysis of 
the p-n junction 
shows that the reverse current 
is inversely proportional 
to 
the electrical 
or effective junction 
width of the high resistivity 
side (W), 
which is given as: 


W =Wo 
- 
Xm 
where: W = the effective junction 
width, 


Wo = the physical junction 
width, 


Xm = the depletion-layer 
thickness. 


The depletion 
layer thickness (xm) 
varies as the n'th root of applied voltage, 


depending upon the type of junction; 
i.e., 
Xm a:{YV The value of n is 2 for 
a step junction 
typical of the alloy process, and is generally close to 3 for a 
graded junction 
typical of the diffused process. The ideal diode equation can 
be modified 
to include the fact that ID is proportional 
to W; the equation 
shown on Figure 5 is the result. Not only does a finite slope appear on the 
reverse characteristic, 
but, as the voltage becomes large, the current increases 
quite rapidly as the junction 
width becomes extremely small. 


As previously 
discussed, 
the depletion 
layer exists primarily 
on the 
high-resistivity 
side of the junction. 
For a given applied voltage, the higher 
the resistivity, the wider is the depletion layer. If the high-resistivity region is 
fairly narrow, it is possible for the depletion layer to extend entirely through 
the high-resistivity 
side of the junction. 
At this point, diode action ceases 
and any voltage change at one side of the diode is observed at the other. This 
phenomena is called punch-through 
or reach-through. 
The diffusion 
current 
is the dominant 
leakage current 
in germanium 
and Schottky 
devices, particularly 
at high temperatures. 
However, in silicon 
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Figure 5 - 
Effect of Voltage Upon the Reverse Current Due to 
Diffusion in a Step and a Graded Junction. 


p-n junction 
devices the charge generation 
current 
IG, due to impurity ions 
in the depletion 
layer, is the dominant 
temperature-sensitive 
current. 
It is 
proportional 
to the width of the depletion layer and is given by: 


IG = KyKI{YV 
(4) 


where: IG = charge generation 
current, 


Ky = an empirical factor which approaches unity for voltages greater 
than 0.1 volt, 


KI = a proportionality 
constant 
determined 
primarily by geometry, 
resistivity, and the impurities in the depletion layer, 


V 
= applied voltage, 


n 
= exponent 
describing depletion layer behaviot:. 


Figure 6 shows the behavior 
of the charge generation 
current 
with 
voltage which is quite different 
from that of the diffusion current shown in 
Figure 5. In particular, 
the slope is higher in the low voltage region and it 
follows a power law for all voltages above 0.1 volt . 


./ 
V 


n ~ 2.•.••V 


/' /' 


/' V 
/' 
/ 
/ 
n 
3 
/ - 
I 
V 


~ 80 
c 
~~ 
U 
60 
~ 
~ 
'"a: 
40 
'"> 
.;:; 
" 
Oia: 20 


Figure 6 - 
Effect of Voltage Upon the Reverse Current Due to Charge 
Generation 
in a Step and a Graded Junction. 


The 
currents 
ID and IG are often 
referred 
to as the bulk 
leakage 
currents 
as they originate in the body of the semiconductor 
material. Both 
ID and IG increase rapidly with temperature 
as shown in Figure 7. A rough 
"rule of thumb" 
is to describe the bulk current increase as doubling every 
lO°C. Note, however, 
that 
above 50°C the charge generation 
current does 
not show as rapid an increa,se as the diffusion current. 
The remaining contributing 
factor to reverse current 
is surface leakage 
(Is). 
The surface 
leakage current 
may be considered 
as resulting 
from a 
resistance path across the junction. 
Conseq uen tly, the value of Is is voltage 
dependent, 
but voltage and current are not linearly related. At high voltages, 
Is can add considerably 
to the total reverse current. 
Surface leakage often 


increases with temperature 
but it is not predictable; 
it is generally much less 
temperature 
sensitive than the bulk currents. 
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At room temperature 
- 
especially with silicon junctions 
- 
the bulk 
current 
may be swamped 
by the surface 
leakage current. 
But, at higher 
temperatures, 
the diffusion and charge generation currents become dominant 
because they increase more rapidly 
as temperature 
increases than does the 
surface 
component. 
Typical 
behavior 
of different 
types 
of rectifiers 
are 
shown in Figure 8. 


Voltage Breakdown 
- As the reverse voltage applied to a diode is increased, 
the current 
flow increases. When the voltage approaches 
a level called the 
avalanche breakdown voltage (VB), the current increases without limit. 


Behavior of various materials 
are shown 
in Figure 9. Note that 
the 
reverse current has doubled at a reverse voltage approxifatelY 
80 to 90% of 
the 
breakdown 
voltage 
and 
the 
current 
increases 
r pidly 
with 
further 
increases in voltage 
above 
those 
points. 
The higher t e resistivity 
of the 
high-resistivity 
side of the junction, 
the higher the avalanche breakdown 
voltage will be. Figure 10 shows the relationship 
for the various materials in 
common 
use. Avalanche breakdown 
is attributed 
to the fact that the high 
field across the depletion 
layer accelerates 
any moving particle, 
which, if 
moving fast enough, may have sufficient 
energy to free additional 
particles 
by collision with atoms. Therefore 
a multiplication 
of carriers occurs which 
proceeds at an ever-increasing rate as the breakdown 
voltage is approached. 
Avalanche 
breakdown 
occurs 
within 
the 
bulk 
of 
the 
material. 
Surface 
breakdown 
may also occur, but it is not predictable 
by any simple analytical 
means. The punch-through 
voltage mentioned 
in the previous section is not a 
problem in the type of diodes used in power applications, 
as these diodes are 
designed so that avalanche breakdown 
takes place well below punch-through. 
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Figure 
10 
- 
Bulk 
Resistivity 
of the 
Basic Semiconductor 
Materials 
as Related 
to 
Avalanche 
Breakdown Voltage For a Step Junction. 
A graded (diffused) junction 
has higher breakdown. 


Forward 
Voltage 
Drop 
- 
The 
passage of current 
through 
a diode 
will 
produce a voltage drop across the bulk resistance which is not accounted 
for 
by Equation 
I. This resistance is given by the familiar: 


R=.el 
A 


where: 
p 
= resistivity of material, 


I 
= length Uunction width in semiconductbrs), 


A = area. 


The voltage drop across a wide, high-resistivity region can add a voltage, 


which is considerably 
larger than that predicted 
by the ideal-diode formula 
(Equation 
I) 
when 
diodes 
are 
operated 
at high 
current 
densities. 
The 


departure 
of the forward drop from the ideal is shown in Figure 11, and can 
be partially characterized 
by a resistance (RF) in series with the ideal diode. 
Note 
how 
the 
slope is dominated 
by the series resistance 
above a few 
amperes, a fact especially evident on the linear plots. 


Careful experimental 
work has indicated 
that - even when the voltage 


drop caused by the resistivity of the semiconductor 
material is considered - 


a departure from the ideal relationship exists. (3) The forward voltage-current 
characteristic 
is found 
to 
be 
incrementally 
exponential; 
however, 
the 


exponent 
is q<t>/XKT,where X is a number 
which varies from 
1 to 2. At 
moderate 
current densities, X = I; as current density increases, Xapproaches 


2.(4) 
In silicon p-n junctions another departure 
from the ideal occurs at very 


low current 
densities where forward 
current 
is dominated 
by current 
flow 
due to carrier recombination 
and generation 
in the depletion region, (5) and 
the 
V-I characteristic 
is described 
by 
making 
X approach 
2 as current 
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Figure 
11 - 
Comparison 
of the 
Forward 
Drop 
of an 
Ideal 
and 
a Real 
Diode. 
(Continued) 


decreases. 
Schottky 
diodes 
have been reported(6) 
to have X = 1.06. 
In summary, 
the forward 
voltage 
drop 
of a real diode 
is given by 


XKT 
( 
IF) 
VF =q 
In 
I + ID 
+ RF IF 


By referring 
to Figure 
10, it should 
be clear 
that 
as the reverse 
voltage 
rating 
of a rectifier 
is increased, 
the 
forward 
voltage 
drop 
will also increase 
unless 
the 
area 
is proportionately 
increased. 
Increasing 
the 
area, 
however, 


will result 
in a higher 
reverse 
current. 
(The 
other 
side of the junction 
has 


very 
low resistivity 
in order 
to have a negligible 
voltage 
drop 
and a negligible 


contribution 
to reverse 
current.) 


Temperature 
Coefficient 
- 
The 
positive 
temperature 
coefficient 
of 
bulk 
resistance 
and the 
X factor 
cause 
the temperature 
coefficient 
to depart 
from 
the 
ideal 
as given 
by 
Figure 
4, 
particularly 
at 
high 
currents. 
The 
actual 
temperature 
coefficient 
of a rectifier 
family 
is shown 
in Figure 
12 compared 
to that 
which 
is calculated 
using 
the 
typical 
forward 
drop 
of the family 
and 
the 
ideal 
diode 
data 
of Figure 
4. The 
actual 
coefficient 
approximates 
the 
ideal only at low current 
densities. 
When 
current 
is held 
constant, 
changes 
in forward 
voltage 
as a result 
of 


changes 
in junction 
temperature 
may be found 
from: 


VF(TJ) 
= VF(2SoC) + 8y (TJ - 
25°) 


where: 
VF(TJ) 
= forward"voltage 
at desired 
temperature, 


VF(2S) 
= forward 
voltage 
at 25°C, 


8y 
= temperature 
coefficient, 


TJ 
= junction 
temperature 
CC). 
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Actual 
range is shown with curve 1 - 
calculated 
value using typical 
forward 
voltage data 
for the diode of Figure 11C - 
and curve 2 - 
calculated 
value using ideal forward 
voltage 
from 
Figure 11C. The ideal temperature 
coefficient 
cannot be relied upon when the V F 
- 
I F curve departs significantly 
from an exponential 
relation, 
approximately 
10 amperes 
for this diode. 


When using Equation 
7, it is overly conservative to use worst case values 
because a correlation 
exists between 8y and VF. At high currents where VF 
departs from its exponential 
relation to IF, a corresponding 
departure 
occurs 
between 
8y and IF caused 
by the bulk resistance 
of the semiconductor 
material. 
In practice, 
therefore, 
the temperature 
coefficient 
given by the 
upper curve of Figure 12 will be associated with diodes having the maximum 
forward drop at currents 
above the neck between 
the curves (0.5 A for the 
rectifiers of Figure 12). 
Below 0.5 A the correlation 
between IF and 8y is the opposite; that is, 
the diodes with maximum 
forward drop have the maximum (most negative) 
temperature 
coefficient in keeping with the ideal relationship 
of Figure 4. 


Capacitance 
- 
The fact that 
oppositely 
charged particles are close to each 
other 
at the junction 
results in a capacitive 
effect (transition 
capacitance) 
similar to that of a parallel-plate 
capacitor. 
Stray capacitance 
introduced 
by 
the case, (Cc,) is also present. 
High resistivity 
materials 
result in a wider 
depletion 
layer at a given voltage than lower-resistivity 
materials and, thus, 
have a lower capacitance 
per unit area. Since increasing the reverse voltage 
causes the depletion 
layer to widen, the capacitance 
decreases. 
Figure 
13 
shows these effects. 
Total capacitance, 
(CT) generally follows the relationship 
shown below: 


Co 
CT = Cc + ( 
v)n 
1+-.R 
r/>o 
where: Cc = the case capacitance, 


Co = junction 
capacitance at VR = 0, 


r/>o = junction 
"contact" 
potential (approximately 
0.6 V), 


n 
= exponent 
governing 
depletion 
layer 
widening 
effects. 
It ~is 
usually 1/3 for rectifiers. 


As the data shows, the relationship 
can be stated approximately 
as 
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Figure 13 - Effect of Voltage and Resistivity (as evidenced by voltage breakdown) 
Upon 
Capacitance for a Small Junction 
Diode. 


Transition 
capacitance 
is 
more 
directly 
a 
function 
of 
the 
impurity 


concentration; 
nothing 
else but junction 
voltage affects it. Therefore 
CT is 
constant 
with 
temperature 
until 
the 
temperature 
is so high 
that 
the 


thermally 
generated 
carriers 
are 
comparable 
in number 
to 
the 
carrier 


concentration 
introduced 
by the semiconductor 
doping. Above that temper- 


ature the capacitance 
increases, as the impurity 
concentration 
is effectively 


increasing. 
Capacitance 
is of little significance in most power rectifier applications, 


but 
it is significant 
in Schottky 
rectifiers 
at high frequencies 
because the 
Schottky 
device does not exhibit reverse and forward recovery transients, as 
described in the following sections. 


Charge Storage - Another 
important 
mechanism in real p-n junction 
diodes 


is charge storage. When a forward 
current 
is flowing, a carrier gradient 
is 


produced 
in the high resistivity side of the junction 
resulting in an apparent 


storage of charge. If the source of forward 
bias is suddenly 
changed to a 


reverse 
bias, the stored 
charge maintains 
a current 
flow (now 
a reverse 


current) 
until the charge is depleted 
by a combination 
of reverse current 


flow 
and 
internal 
recombination. 
Thus, 
the 
phenomenon 
of storage 
or 


reverse recovery time is another departure 
from an ideal diode. The recovery 
time becomes 
less of a problem 
as forward 
current 
is reduced, 
since the 


gradient producing 
these excess carriers is less, resulting in less stored charge. 


:=TJ 
25°C 


I 
~ 


IFM= 
20 A ...... 
,/ 
I; 


10A 
/ 
", 
,/ ",. 


5.0TA~ 
~ 


:;....- 


"/ 


~ 


./ ~ 
"- 
~ 
~ 
1.--- .••• 
....1.0 A 


~ 
V 


u.3 
•• 
0.5 
~.•~u 
-g 
0.2 


E 
(J) 
0.1 


'0.. 
~ 0.05 
ou.. 
II: 
~ 0.02 
" 


Also, an increase 
of reverse bias will hasten 
the depletion 
of the stored 


charge since more recombination 
charge is made available. 


Making 
diodes 
from 
materials 
having a low lifetime 
(time 
that 
an 
isolated charge can exist before recombination) 
results in less recovery time 


as internal 
recombination 
proceeds 
faster. Lifetime 
decreases as resistivity 
decreases because more recombination 
centers exist, due to a higher level of 


impj..irities. Certain impurities such as gold can be introduced 
into the diode 
where they are effective as lifetime "killers". 
Unfortunately, 
these impurities 
also act as generation 
centers and, therefore, 
cause an increase in the charge 
generation component 
of reverse leakage current. 


Calculation 
of recovery 
time under an arbitrary 
set of conditions 
is a 
difficult, 
if not an impossible, 
task. However for fast recovery rectifiers, 
a 
technique 
based upon recovered 
stored 
charge and commutation 
di/dt 
has 


been developed.(7) 
Recovered stored charge is the amount 
of charge which 


appears 
in the circuit; 
the charge is the area under the reverse recovery 


transient 
waveform. (See Figure 14a). Typical charge data is shown in Figure 
14b. Commutation 
di/dt 
is the rate of change of current 
from the forward 


current 
level to the reverse current 
peak. For a given forward current and 
di/dt, 
the stored 
charge can be found and used in the equations 
below to 


calculate 
reverse 
recovery 
time 
(tIT) and 
peak 
reverse recovery 
current 
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A more traditional 
way of describing the reverse recovery behavior is to 
test under conditions 
of a constant 
current source. The resulting waveforms 


and typical data are shown in Figure 15. Note that the ratio of forward to 
reverse current is the primary factor influencing the recovery time. 


Stored 
charge and reverse recovery 
time 
increase with temperature. 
Typical 
behavior is shown in Figure 
16. Stored 
charge decreases with the 


forward 
current pulse width when it is less than a few times the maximum 


value of trr. 
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Forward 
Recovery - A final undesirable 
property 
of real diodes is forward 


recovery time, tfr' Forward recovery time is defined as the time required for 
the voltage across the 
diode to reach a defined 
level (Vfr) - 
close to its 


steady-state 
value - after a forward pulse is applied. When a step of current 


(such as a switching pulse) is applied to a diode, the diode cannot build the 
carrier gradient 
immediately; 
an overshoot 
voltage is observed as shown in 


Figure 
17. The diode 
appears to be inductive; 
however, 
transit 
time and 


conductivity 
modulation, 
not 
inductance, 
are responsible 
for the effect. 


Assume 
the 
diode 
is connected 
in series with 
a resistance 
and a pulse 
generator. 
When a pulse is applied, 
current 
cannot 
flow immediately 
as it 
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takes a finite time (transit time) for carriers to cross the junction 
and build 
up the charge gradient; 
therefore, 
the voltage across the diode could equal 
the applied 
voltage. 
In practice, 
it usually does not because the junction 
capacitance 
and the rise time of the applied pulse slow the rate of voltage 
rise across the diode. As carriers begin to cross the junction, 
they build up 
the charge gradient 
and also cause an apparent 
decrease in the resistivity, 
which is observed as a decreasing voltage as time increases. Schottky 
diodes 
do not exhibit 
forward recovery 
time as they do not build up a minority 
carrier gradient and are made of low resistivity material. 


To 
obtain 
higher 
voltage 
breakdown, 
higher 
resistivity 
material 
is 
required. 
Consequently, 
high voltage par:ts have longer forward 
recovery 
times. 
See Figure 
17. 


Waveform Fificiency 
- 
Rectifiers are characterized 
principally for use at 60 
Hz and current 
derating 
data is valid generally only at 60 Hz. At higher 
frequencies 
- above a few kHz for standard rectifier diodes - the transient 
response of the diode must be taken into account. A direct method of doing 
this is to measure the rectification 
efficiency which is defined as 


PDCCOut) 


r] = 
PAC(ln) 
. 


Meters 
which 
measure 
true 
rms 
power 
regardless 
of 
the 
system 
impedance 
and the waveform and frequency 
of the signal are non-existent; 
hence, a technique 
was developed 
in which a true rms voltmeter 
and a dc 
voltmeter 
could 
be used. By ignoring 
the power loss in the diode, from 
Equation 
12 the waveform 
efficiency 
(often 
called rectification 
ratio or 
conversion 
efficiency) 
may be written 
in terms of input voltage (VI) and 
output voltage (Vo) as: 


VbCDC) 
RL 
0= 
VfCRMS) 
RL 
Since the diode is assumed lossless, the rms input voltage equals the rms 
output voltage. Hence: 


_ V5CDC) 


- VICRMS) 


0= 
V5CDC) 


V5CRMS) 


Since the square of an rms voltage is equal to the sum of the squares of 
its components, 
Equation 
14 may be written as 


_ 
V5CDC) 
0- 
2 
2' 
V OCAC) + V OCDC) 


Therefore, 
waveform efficiency may be measured by use of a dc meter and a 
true rms ac meter. 


For a square wave input signal of peak amplitude 
VM varying positive 
and negative with respect to ground, 
VOCDC') = 
VM/2 
and 
VI 
CRMS) = VM. 


Substituting 
in Equation 
13, a is found to be 0.5 (or 50%). For a full wave 
circuit the opposite polarity half of the input will be used thereby doubling 
the efficiency. 
As the input 
frequency 
is raised, 
the diode will conduct 
appreciably 
into 
the negative half cycle which lowers 
the average or dc 
voltage ou tpu t. 


For a sine wave input, the situation is similar except that the maximum 
theoretical 
efficiency 
is less. 
VO(DC) 
=: 
VM/rr 
and 
VO(RMS) 
=: VM/2; 
substituting 
into Equation 
14, a calculates 
to be rr/4 =: or 40.6%. Typical 
measured data is shown in Figure 18. The data has also been normalized 
to 
the maximum 
theoretical 
values of 50% and 40.6% for square and sine wave 
input voltage, respectively. The data may be used to predict the approximate 
drop in output 
voltage caused by the diode transient 
response by using the 
relationship 
of Equation 
13; i.e., Vo =: VI ya(normalized). 
For example, a 
dc-to-dc converter designed to produce 
100 VDC 
(by neglecting the transient 
response 
of the diode) 
would 
have an output 
voltage of 100 v'O:78 or 
approximately 
88 volts at 20 kHz, using the 175°C square wave data of 
Figure 18. 
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Rectification 
efficiency data cannot be used to predict power losses in 
the diode. To date, no satisfactory 
analytical approach has been devised. The 
problem 
is not severe with half-wave circuits with resistive loads and is of 
moderate 
concern with capacitive input filters. Full-wave and bridge circuits 
should be avoided at frequencies 
where efficiency is low; they pose an acute 
problem 
because 
during reverse recovery 
time two conducting 
diodes are 


placed in series directly across the input. If used, commutating 
current 
and 
power dissipation 
will have to be found experimentally 
and steps taken to 
hold the commutating 
current to an acceptable level. 


These various properties 
of real diodes (resistance, capacitance, 
voltage 
breakdown, 
charge storage, etc.) can be added to the ideal diode as external 
elements to get the equivalent circuit shown in Figure 19. 


The diode, which follows Equation 
1 (when modified by ;\) is given the 
avalanche or zener symbol as a reminder 
that it has a voltage limit, VB. The 
series resistance, 
rF, is shown as variable to partially 
account 
for forward 
recovery 
time; it also accounts 
for forward 
voltage drop. The resistor rs 
represents 
the surface component 
of the reverse current and is also generally 
used 
to 
account 
for 
change~ in bulk 
current 
with 
voltage. 
IG is the 
charge-geNeration current generator. 


Capacitor 
CT 
represents 
the 
transition 
capacitance. 
The 
diffusion 
capacitance 
Co partially accounts 
for the forward recovery effect because it 
is a measure of carrier transit time. L is also generally required to account for 
tfr. CD also accounts for storage and turnoff time. CD does not behave like a 
normal capacitor; 
its value is proportional 
to the value of forward current. 


When a reverse current 
is applied 
to the diode, 
Co, 
unlike an ordinary 
capacitor, 
holds the voltage roughly 
constant 
until 
most of its charge is 
dissipated. 
The 
amount 
of charge 
remaining 
on CD when 
it ceases to 
maintain 
fixed voltage depends greatly on the physical construction 
of the 
diode. For Schottky 
diodes, CD = O. 
The model can be fitted to measured diode data by using the following 


as a guide: 
1. Forward 
Data is plotted 
over the current 
range of interest. 


Junction 
temperature 
must be constant. 
From a linear plot, the steady 
state value of rF is easily deduced. 
By using curve fitting techniques, 
values of;\ and 10 can be found such that Equation 6 describes forward 
behavior. 
2. At the same junction 
temperature 
as above, plot 
IR 
vs. VR. 
The slope yields a suitable value for rs (avalanche and depletion 
layer 
effects 
affect 
the 
slope 
but 
are accounted 
for 
by 
rs rather 
than 
complicating 
the mathematics). 
Find a value for IG such that Equation 
2 is.satisfied. 
3. From a measured forward recovery waveform choose values of 
Land 
rF to fit the curve to a standard 
L/R response. rF will decrease 
somewhat as iF builds up to its steady state value. 
4. Capacitance 
CT is measured 
directly 
under 
reverse bias and 
fitted 
to 
Equation 
8 or 9 depending 
upon 
the 
accuracy 
desired. 
Equation 8 describes behavior better near the zero bias region. 


5. 
Diffusion 
capacitance 
presents 
a problem 
which 
has not 
been 
satisfactorily 
resolved. 
The 
stored 
charge 
approach 
is the best 
tool 
for 
use in handling 
the reverse 
recovery 
transient. 
CD can be approximated 
as ~ QR/~ 
VF· 


FAILURE 
MODES 


When 
reduced 
to basics, 
excessive 
temperature 
causes 
most 
failures 
in 
semiconductor 
devices. 
High 
uniform 
temperature 
within 
the 
chip 
is 
responsible 
for 
a 
gradual 
drift 
of 
characteristics 
which 
becomes 
more 
noticeable 
as 
temperature 
is 
raised, 
but 
this 
rarely 
causes 
catastrophic 
failures, 
i.e., opens 
or shorts. 


Catastrophic 
failures 
result 
from 
extreme 
temperature 
in a lead 
wire 
causing 
it to open, 
or from a hot spot in the chip causing 
it to short. 
In most 
circuits, 
the latter 
also causes the former. 
A reverse voltage 
is always 
required 
in order 
to produce 
a sufficient 
amount 
of current 
crowding 
to cause a hot 
spot, 
and 
high 
hot-spot 
temperatures 
cause 
an 
extreme 
reduction 
in the 
voltage 
capability 
of a semiconductor. 
(In other 
words, 
a thermally 
induced 
breakdown, 
observable 
on a V-I plot, 
occurs: 
See Figure 
20.) 
Thermal 
breakdown 
- a switch 
back of voltage 
from 
a high to low level 


- 
has been 
shown(8) 
to 
be: a fundamental 
property 
of any semiconductor 
material. 
It 
occurs 
at 
the 
temperature 
at 
which 
the 
material 
becomes 
intrinsic. * The 
temperature 
of intrinsic 
conduction 
is inversely 
related 
to 
resistivity, 
varying 
from 
200°C 
to 400°C 
for resistivity 
values 
in common 
use. 
The 
most 
thermally 
rugged 
devices 
are 
silicon, 
diffused-junction 
or 
Schottky 
barrier 
semiconductors 
of 
low 
resistivity. 
Silicon 
is better 
than 
germanium 
because 
it becomes 
intrinsic 
at higher 
temperatures, 
the diffused 
junction 
results 
in more 
even current 
distribution 
than 
does 
the alloy, 
and 
lower 
resistivity 
material 
becomes 
intrinsic 
at 
higher 
temperatures 
than 
high-resistivi 
ty material. 


*A material is said to be intrinsic when the electron-hole 
pairs caused by thermal 
agitation approximate those caused by intentional doping of the crystal. 


TRADEOFFS 


The effect of resistivity 
on rectifier characteristics 
has been discussed 
throughou t this chapter. 
All characteristics 
are directly 
or inversely pro- 
portional 
to area; the width 
of the anode 
region also plays a part. The 
interplay between characteristics 
is shown in Table I. 


Physical 
Electrical 
Change 


Change 
Increase 
Decrease 


Increase anode resistivity 
r, VB ,ID ,L,<I>,r,CD 
CT 


Increase junction 
area 
CT,CD,ID.IG 
r, <I> 


Increase width 
of anode region 
r,VpT,CD,L 
ID 


The effect 
of each change assumes all other 
properties 
remain constant. 
The cathode 
region 
is considered 
to be heavily 
doped, 
therefore 
the anode resistivity 
determines 
the 
junction 
characteristics; 
the general 
behavior 
is the same if the anode region 
is heavily 
doped and the cathode region lightly 
doped. 
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Three 
basic 
processes 
play 
a part 
in 
the 
removal 
of 
heat 
from 
the 
rectifier 
junction 
to the ambient 
air: (I) Conduction 
(heat 
traveling 
through 


a material), 
(2) Convection 
(heat 
traveling 
by transferring 
energy 
from 
one 
molecule 
to another) 
and, 
(3) Radiation 
(heat 
being emitted). 
Heat flows by 


conduction 
from 
the die to the package 
in a stud or base-mounted 
part, 
but 


it 
flows 
from 
the 
die 
through 
the 
leads 
to 
the 
mounting 
terminals 
in a 
lead-mounted 
part. 
For case-mounted 
parts, 
convection 
and radiation 
are of 
primary 
importance 
in the design 
of the heat exchanger, 
which 
is covered 
in 


Chapter 
10. 
For 
lead-mounted 
parts, 
radiation 
and 
convection 
from 
the 
body 
may 
both 
be 
quite 
important. 
Both 
will 
be discussed 
later 
in this 


chapter. 
Transient 
thermal 
considerations 
and 
thermal 
runaway 
are 
also 


important 
design 
factors 
and are discussed 
near the end of this chapter. 


In order 
to simplify 
the analysis 
of heat 
flow, 
the 
concept 
of thermal 
resistance 
is used. 
Just 
as a material 
offers 
resistance 
to the flow of current, 


it may 
be thought 
of as offering 
resistance 
to the flow of heat. 
Resistance 
to 
heat 
flow 
is called 
thermal 
resistance 
and for steady 
state 
conditions 
is given 


as: 


~T = ReP 


where: 
Re = the thermal 
resistance 
in °C/W, 


~T = the temperature 
difference 
between 
points 
in °C, 


P 
= the power 
in watts. 


Thermal 
resistance 
may 
be used to form 
electrical 
models 
which 
permit 


calculation 
of 
the 
temperature 
rise 
in a system. 
Similar 
to 
an 
electrical 
physical 
resistance, 
thermal 
resistance 
is not 
constant; 
changes 
in moun ting, 
temperature, 
or 
power 
levels 
will 
cause 
some 
modification 
of 
values. 
Nevertheless, 
the 
concept 
is a 
very 
valuable 
tool 
in 
handling 
thermal 
problems. 
By 
use 
of a thermal 
model, 
complex 
thermal 
systems 
may 
be easily 


analyzed 
using 
electrical 
network 
theorems. 
The 
following 
sections 
discuss 
models 
for 
single 
chip 
case- and 
lead-mounted 
parts 
and for multiple 
chip 


assemblies. 


Thermal 
Models 
for Case-Mounted 
Rectifiers 


The 
total 
thermal 
resistance, 
junction-to-ease, 
is composed 
of several 
smaller 
thermal 
resistances, 
as shown 
in 
Figure 
1. The 
die-bond 
thermal 
resistance 
is generally 
the 
largest 
value. 
Note 
that 
the 
various 
values 
are 
determined 
by the design 
of the 
device: 
the size of the chip, 
the type 
of the 
die bond, 
and the 
type 
and material 
of the package. 
Variations 
among 
parts 


from 
a given product 
line are the result 
of variations 
in the die-bond 
thermal 
resistance. 
It is affected 
by the type 
of solder 
used; furthermore, 
some parts 
may 
have insulators 
or a piece 
of material 
inserted 
between 
the die and the 
package 
to 
take 
up 
stresses 
developed 
by 
differing 
thermal 
coefficients 
of 
expansion 
of 
the 
package 
and 
of 
the 
die. 
As 
a general 
guide, 
however, 


thermal 
resistance, 
as a function 
of the 
die area 
for various 
common 
diode 
packages, 
behaves 
as shown 
in Figure 
2 . 
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Figure 2 - 
Typical 
Thermal 
Resistance of Common 
Rectifier 
Packages Having Copper Material 
in the 
Heat Flow Path (Data Averaged From Measurements at Motorola). 


Thermal 
resistance 
follows 
the same general 
equation 
as does electrical 
resistance, 
i.e., 


Re = el 
A 


where: 
p = thermal 
resistivity, 
I = length 
of thermal 
path, 


A = area of thermal 
path. 


The equation 
states that thermal resistance is inversely proportional 
to area; 


however, the data of Figure 2 does not indicate this relationship 
exactly. The 
deviation is caused because the area of heat flow through the package is not 
the same as the die area. As heat flows, it spreads out toward the edges of 
the package; consequently, 
as larger die are placed in a given package, the 


area for spreading reduces proportionally. 


Thermal Models for Lead-Mounted Parts 


In the axial lead-mounted 
rectifier, 
heat travels down both 
leads to 


some kind of a heat dissipator, 
which is often nothing more than a printed 


circuit wiring pattern. 
Heat is also carried from the package and from the 


leads by convection 
and radiation, 
which make the thermal 
circuit model 


immensely 
more complicated 
for a lead-mounted 
par-t than for a case- or 


stud-mounted 
part. 
However certain lead-mounted 
parts are easily handled 


because the thermal 
resistance 
of the leads is identical and quite low com- 
pared to the package radiation 
and convection 
components 
which may be 
neglected. 
Examples 
of parts 
in which 
this simplified approach 
is satis- 
factory 
are the MR751 
series. 
Thermal 
resistance 
as a function 
of lead 
length, is shown in Figure 3. 
Note that the thermal 
resistance is linearly 
proportional 
to lead length indicating that the package plays a negligible role 
in the total thermal resistance. 
If the package were not negligible, the lines 


would curve as the lead length increased . 
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Data is often given for the case where both leads have identical lengths. 


However, identical lead lengths will not result in lowest thermal resistance to 
the mounting 
points since the net thermal 
resistance 
is composed 
of two 
parallel paths. The lowest net value will always occur when one of the paths 
is made as low as possible. 
For example, suppose a mounting 
situation 
is 


encountered 
where the leads must take up a I-inch span. 
If each lead were 
1/2-inch long, the thermal resistance (from Figure 3) is 13°C/W maximum. 
However, the device could be mounted 
with one lead l/8-inch long and the 
other 
7/8-inch 
long. The thermal 
resistance 
from junction 
to each lead is 
4°C/W for the l/8-inch lead and 23°C/W for the 7/8-inch lead. 


The net thermal 
resistance is the parallel combination 
3.4 °C/W. The 
reduction 
from 
13° C/W is quite significant but to take advantage of this 
reduction the mounting terminal must have a low thermal resistance. Also, as 
the span becomes less, the advantages of asymmetrical 
mounting 
become 
less significant. 


As a design guide, when using lead-mounted 
parts, Figure 4 shows 
typical data for three popular case types. As can be better appreciated 
after 
studying the problems in Chapter 10, junction 
to ambient thermal resistance 
cannot be regarded as a design constant. 


tL--j 
t--Lj 


~ 
Mounting Method 1 


LEAD 
LENGTH 
L 


MOUNTING 
CASE # 
METHOD 
1/8" 
1/4" 
1/2" 
3/4" 


1 
65 
72 
82 
92 


59 
2 
74 
81 
91 
101 
(00-41) 
400C/W (L~3/8", 
A = 2.22,,2) 
3 


1 
- 
55 
- 
58 


60 
2 
- 
65 
- 
I 
68 


3 
250C/W (L~5/8", 
A = 6_25,,2) 


1 
50 
I 
51 
53 
I 
55 


267 
2 
58 
59 
61 
63 


280C/W (L= 112".A 
= 6.25,,2) 


Data 
shown 
for 
the 
mountings 
shown 
is to be used 
as typical 
guideline 
values for 
preliminary 
engineer· 


jog or in case the tie point 
temperature 
cannot 
be 
measured. 


Parts with asymmetrical 
lead conduction 
and/or significant convection 
and radiation from the case require use of a complete thermal model. 
Figure 
5 shows a satisfactory approximation. 


Use of the thermal model of Figure 5 to calculate junction 
temperature 
will be illustrated by the following example: 


Cathode Lead Length = 1/4 inch 
T A 
= 60°C 


Anode Lead Length 
= 1/2 inch 
TAA = 70°C 


ROSA 
= ROSK 
= 40°C/W (typical 
TAK = 80°C 
for printed board wiring). 


From the data in the figure, calculate: 


ROLA = 40 X 1/2 = 20°C/W, 


ROLK = 40 X 1/4 = 100C/W. 


The model of Figure 5 may be successively simplified as illustrated by Figure 
6. The resulting junction 
temperature 
is 11rC. Thus the effective thermal 
resistance, 
junction-to-ambient, 
is (117-60)/2 
= 28.5°C/W; 
however, 
the 
number 
is not 
especially 
meaningful 
because 
the 
temperatures 
of the 
ambient and the printed board wiring are not the same. 


ReAL 
25°C/W 


ReCL 
Rou:: 
ResK 


O.5°C/W 
400C/W/in 


Use 
of 
the 
above 
model 
permits 
calculation 
of 
average 
junction 
temperature 
for 
any 
mounting 
situation. 
Lowest 
values 
of 
thermal 
resistance 
will 
occur 
when 
the 
cathode 
lead is 
brought 
as close as possible 
to 
a heat dissipator; 
as heat conduction 
through 
the 
anode 
lead is 
small. Terms 
in the model 
are defined 
as follows: 


THERMAL 
RESISTANCES 
R8CA 
= Case to Ambient 


RIJSA 
= Anode 
Lead Heat Sink 
to Ambient 


R/JSK 
= Cathode 
Lead Heat Sink 
to Ambient 


RIJLA 
= Anode 
Lead 


RIlLt< 
= Cathode 
Lead 
RacL = Case to Cathode 
Lead 
RoJC 
= Junction 
to Case· 
ReAL = Junction 
to Anode 
Lead (5 bend) 


• Case temperature 
reference 
is at cathode 
end. 


TEMPERATURES 
TA 
= Ambient 
T AA = Anode 
Heat Sink 
Ambient 
TAt< = Cathode 
Heat Sink 
Ambient 
T LA = Anode 
Lead 
T LK = Cathode 
Lead 
T J 
= Junction 


t 
50oC/W 
2W 


80°C -=- 


-. 


60°C -=- 


T 


(b) Simplified 
Thermal Circuit 
Obtained by Applying 
Ttievenins Theorum 
to Each Side of the Model 


Figure 6 - 
Successive Steps in the Solution 
of the Example in the Text. 
Thermal Problems May be 
Solved by Application 
of Network 
Theorems. 


The concept of using a single thermal resistance number to describe the 
thermal properties 
of axial-lead parts must be used with caution, because the 


ambient 
temperature 
is generally not the same as the temperature 
of the 
points which serve as a heat sink for the leads. Furthermore, 
in the case of an 
asymmetrically 
mounted 
part, there is little likelihood 
that either mounting 
point 
would 
be at 
the same temperature 
because 
more heat 
flows out 
through 
the low resistance lead. Thus, thermal resistance of the rectifier in 
terms of a single value is only useful when all the reference 
temperature 
points involved are exactly the same. 


Thermal Models for Multiple Chip Devices 


Rectifiers having more than one die per package, e.g., full-wave, bridge, 
or three-phase 
assemblies, 
have a considerably 
more complicated 
thermal 
situation 
because of thermal 
coupling between the die. To appreciate 
how 
the coupling 
problem 
can be handled, 
consider 
the thermal 
model which 
applies to an MDA2500, 
as shown in Figure 7. Coupling is represented 
by 
resistances connecting 
all the die together. 
The coupling between adjacent 
die is primarily 
a result of heat transfer 
through 
the lead frame, but the 
epoxy encapsulant 
is also a thermal conductor. 
In addition, 
each die is also 
coupled 
to the opposite one through 
the lead frame as well as through the 
epoxy molding in the center of the assembly. The epoxy coupling requires 
the addition of two other resistance paths. 
Since the model 
is so complex, 
it is easier to work 
in terms 
of a 
coupling 
factor. 
The general 
equation 
for thermally 
coupled 
die can be 
written as follows: 


where: ..::iTJIis the change in junction 
temperature 
of diode I, 


Re I - n = the thermal resistance of diodes 
1 thro·ugh n, 


PDI - n = the power dissipated in diodes 
1 through n, 


KB2 - n = the thermal coupling between diode 1 and diodes 2 
through 4. 


Assuming equal thermal resistance for each die, Equation 3 simplifies to 


..::iTJI= ROI(PDI + K02PD2 
+ K03PD3 
+ ... 
KOnPDn). 
(4) 


For the condition 
where PDI = POl = PD3 = PDn, the total dissipation 
PDT= n PD1. Equation 4 can be further simplified to: 


..::iTJI= ROI(I + K02 + ... 
KOn) PDT/no 
(5) 


An effective package thermal resistance can be defined as follows: 


RO(Eff)=..::iT11/PDT 


Combining Equations (5) and (6) yields: 


RO(Eff)= ROI (I + K02 + K03+ 
... 
KOn)/n 


Additional 
Opposite 
Die Coupling 


Lead 
Frame 


and Case 
Material 


For the MDA2500 
rectifier 
assembly, thermal coupling between opposite 
diodes 
is negligible, and between 
adjacent 
diodes, 6%. Using the thermal 
resistance 
limit of the MDA2500 
of 
10°C/Wand 
its coupling factors 
in 
Equation 
7 find 


R O(Eff) = 10(1 + 0.06 + 0.00 + 0.06) /4 = 2.8° C/W. 


This value is the one specified 
on the data sheet as the effective bridge 
thermal 
resistance, junction-to-case. 
Satisfactory 
average, steady-state 
tem- 
perature 
calculations 
may 
be made 
by multiplying 
RO(Eff) by the total 
power dissipated in the package under a given load condition. 
The coupling factor is particularly 
valuable when a bridge assembly is 
operated 
in the split load circuit of Figure 8b instead 
of the more usual 
bridge circuit of Figure 8a. The following example illustrates 
the use of the 
data. 


JII 
JII 


Figure 8 - Basic Circuit Uses For Bridge Rectifiers. 
See Chapter 4 for Description of Circuit Operation 


Assume 
that 
an MDA2500 
rectifier 
in the circuit of Figure 8b operates 
such that 


PDl 
= PD2 = 10 watts 


PD3 = PD4 = 5 watts. 


Maximum temperature 
rise occurs in diodes 1 and 2. Using Equation 
4 and 


substituting 
values: 


LiT JI 
= 10 [10 + (0.00) (l0) + (0.06) (5) + (0.06) (5) ] = 106° . 


TRANSIENT RESPONSE OF SEMICONDUcrORS( I) 


Each component 
of thermal 
resistance 
in a semiconductor 
also has a 
capacitance 
associated 
with it, related 
to the mass of the material. A slow 
response is highly desirable in order to improve the transient 
and overload 
capability of the part. 


A mathematical 
analysis of one-dimensional 
heat flow indicates that the 
thermal 
response 
follows the relationship 
TJ 
0:: .JT. However, the various 
time constants associated with a semiconductor 
affixed to a package, and the 
fact 
that 
heat 
flow 
is not 
usually 
one-dimensional, 
make 
the response 
extremely 
difficult to calculate. The most practical method 
of handling the 
transient 
thermal 
problem 
is to 
measure 
the 
thermal 
response 
of the 
semiconductor 
to a step of input power and to present the data in a graph. 


The thermal 
resistance 
as a function 
of time may be calculated 
by the 
equation below: 


ZeJR(t) = r(t) ReJR 


where: r(t) = fraction of steady value at a given time, 


ReJR = thermal resistance, junction 
to a reference point. 


Choice of reference 
point 
depends 
on the type of part. For case-mounted 
parts, the logical reference is the case. For lead-mounted 
parts the leads are 
generally chosen; however, the ambient 
is sometimes used. In the following 
sections the transient 
response of case-mounted 
and lead-mounted 
parts will 
be examined. 
Thermal Response Data 
Thermal 
response of lead-mounted 
semiconductors 
is difficult 
to pre- 
sent because of the effect of lead length. 
Figure 9 shows the thermal re- 
sponse of two lead-mounted 
parts. 
In general, the slope, between 
10 and 
100 ms, as on Figure 9b, will be followed until steady-state 
conditions 
are 
approached 
so that adjustments 
for various lead lengths are made by bending 
the curve at the appropriate 
point. 
Figure 9b shows transient 
thermal im- 


pedance, 
ZOJL(t) 
where the effects of lead length are considered. Curves for 
other 
lead lengths can be sketched 
in using the given curves as a guide and 
flattening 
the curve at the appropriate 
value of steady-state 
thermal 
re- 
sistance. 


Figure 
10 shows response 
curves for typical 
power rectifiers 
in the 
00-4, DO-5 and DO-21 (press fit) case. Differences in dies and manufacturing 
techniques 
make it difficult 
to explain behavior, although it is evident that 
the more massive packages and larger die do have slower responses. 


Measurements 
of various rectifier 
assemblies have revealed that times 
well over 
10 seconds are required 
for temperature 
changes of one die to 
become manifest at one of the other die in an assembly. As a result, transient 
coupling 
can 
be 
neglected 
because 
of 
the 
relatively 
high 
frequencies 


employed in electronic work. 
When rectifiers are used in intermittant 
operation 
the thermal response 
of the heat sink may be used to advantage. 
Heat sink properties 
are discus- 
sed in chapter 
10. 
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Use of Thermal Response Data 
A simple equation to permit calculation of temperature for arbitrary 
pulse trains with random variations is impossible to derive. However, since 
the heating and cooling response of a semiconductor is essentially the same, 
the superposition principle may be used to solve problems which otherwise 
defy solution. 


Using the principle of superposition, each power interval is considered 
positive in value and each cooling interval negative, lasting from time of 
application to infinity. By multiplying the thermal resistance at a particular 
time by the magnitude of the power pulse applied, the magnitude of the 
junction 
temperature 
change at a particular 
time is obtained. 
The net 
junction temperature is the algebraic sum of the terms. 


The application of the superposition principle is easily seen by studying 
Figure 11. Part a illustrates the applied power pulses. Part b shows these 
pulses 
transformed 
into 
pulses lasting 
from 
time 
of 
application 
and 
extending to infinity; at to, PI starts and extends to infinity; at tI, a pulse 
(-Pd is considered to be present and thereby cancels PI from time tI, and so 


forth with the other pulses. The junction 
temperature 
changes, due to these 
imagined 
positive 
and 
negative 
pulses, are shown 
in part 
c. The actual 
junction 
temperature 
is the algebraic sum as shown in part d. 
Problems may be solved by applying the superposition 
principle exactly 


as described; 
the technique 
is referred 
to as the pulse-by-pulse method. 
It 
yields satisfactory 
results when the total time of interest is much less than 
the time required 
to achieve steady state conditions. 
This method 
must be 
used when an uncertainty 
exists in a random pulse train as to which pulse 
will cause the highest temperature. 
Where surges occur 
with 
uniform 
trains 
of repetitive 
pulses, 
more 


accurate answers with less work are obtained 
by averaging the power pulses 
to achieve an average power pulse; the temperature 
is calculated 
at the end 
of the surge or overload following the average power pulse. The basis of this 
method is shown in Figure 12. 
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Handling Non-Rectangular 
Pulses 
The thermal 
response 
curves, Figures 9 and 10 are based on a step 
change of power; the response will not be the same for other waveforms. 
Thus far in this treatment 
a rectangular 
shaped pulse has been assumed. It 


would 
be desirable 
to be able to obtain 
the response 
for any arbitrary 
waveform, 
but 
the 
mathematical 
solution 
is extremely 
unwieldy. 
The 
simplest approach is to make a suitable equivalent 
rectangular 
model of the 
actual power pulse and to use the given thermal response curves; the primary 
rule to observe is that the energy of the actual power pulse and the model 
are equal. 


Experience 
with various modeling techniques 
has lead to the following 
guidelines: 


(I) 
For 
a pulse 
that 
is nearly 
rectangular, 
a waveform 
having 
an 
amplitude 
equal to the peak of the actual pulse, with the width adjusted so 
the energies are equal, is a conservative model (see Figure 13a). 
(2) Sine 
wave 
and 
triangular 
power 
pulses 
model 
well 
with 
the 
amplitude 
reduced by a factor, 
FA, of 91% and 71%, respectively, 
of the 
peak and the width 
adjusted 
to 70% of the baseline width (as shown in 
Figure 
13b). A power 
pulse having a 
sin2 
shape models as a triangular 
waveform. 
Rectifier 
forward 
power 
pulses are a combination 
of sin and 
sin2 
waveforms 
if the current 
is a sinewave. In general, suitable modeling 
will 


result if the amplitude 
waveform 
factor, FA, is about 0.91 when the peak 
current is Jow and 0.71 when the peak current is high. (At low levels, diode 
voltage is faitly constant 
over the forward current cycle yielding a sine wave 
power waveform, while at high power levels the diode voltage is more nearly 
proportional 
to the instantaneous 
value of current 
resulting 
in a power 
waveform closer to a sin2 function.) 
Rectifiers 
used with SCRs in phase control 
circuits must handle 
the 
current waveforms of part c. EmpiricaIIy developed modeling rules for SCR 
power losses are indicated; 
they are slightly more conservative 
when used 
with rectifiers than with SCRs. 
Power pulses having more complex 
waveforms 
could be modeled 
by 
using two or more pulses as shown in Figure 13d. 


A point to remember 
is that a high amplitude 
pulse of a given amount 
of energy will produce a higher rise in junction 
temperature 
than will a lower 
amplitude pulse of longer duration having the same energy. 
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(c) 
Models of SCR Current 
Waveforms for vanous 
conduction 
angles 
(al. Pulses for a ;;;.1200 are centered with respect to die sine wave. 
Pulses for a';;;; 90° Start at the leading edge. 


The general 
equation 
for modeling 
is: 


PCAV)Tw 
TM=--- 
FA 
P(pK) , 


= pulse width 
of model, 
where: 
TM 


PAY 
Tw 


= average 
power 
in the original 
waveform, 


= time 
duration 
of original 
waveform 
(PCAV)Tw = Area under 
the power 
waveform, 


FA 
= amplitude 
waveform 
factor 
previously 
discussed, 


P(pK) 
= peak power 
of original 
waveform. 


Examples 
of Use of Thermal 
Response 
Data 


The 
following 
examples 
illustrate 
proper 
analysis 
procedures 
for 
commonly 
encountered 
circuit 
applications. 
The 
first 
one 
is for a random 
pulse 
train, 
and 
the 
second 
is for 
a single-phase 
circuit 
subjected 
to an 
overload. 
Proper 
modeling 
techniques 
are illustrated 
by the second 
example. 


Example 
I: Finding 
TJ 
at the 
end 
of the 
nth 
pulse 
in a train 
of unequal 
amplitude, 
spacing, 
and duration 
- 


General 
Equation: 


n 
Tn = 2: 
Pi[r(t2n-1 
- 
t2i-2) - r(t2n-1 - t2i-I)] 
ROJC 
(10) 
i= I 


where 
n is the number 
of pulses and Pi is the peak value of the ith pulse. 
To 
find 
temperature 
at the 
end 
of each 
of the 
three 
pulses 
shown 
in 
Figure 
14, Equation 
10 becomes: 


TI = PI r(td 
ROJc, 
(9a) 


T2 = [PI 
r(t3) 
- PI r(t3 
- 
tl) + P2r(t3 
- 
t2)] 
ROJc, 
(9b) 


T3 = [PI r(ts) 
- PI r(ts 
- 
tl) + P2 r(ts 
- 
t2) 


- P2 r(ts 
- 
t3) + P3 r(ts 
- 
t4)] 
ROJC 
(9c) 


A'ssume 
the following 
pulse 
conditions 
are applied 
to a rectifier 
in Case 
59 
with 
a transient 
thermal 
response 
as shown 
in Figure 
9a and 
ROIL = 
31°C/W 
for a lead length 
of 1/4 inch. 


PI = 80 W 
to = a 
P2 = 40 W 
tl = 0.1 ms 
P3 = 70 W 
t2 = 0.3 ms 


t3 = 1.3 ms 
t4=3.3ms 
ts = 3.5 ms 


t I - to = O. I ms 
t2 - tl 
= 0.2 ms 
t3 - t2 = I ms 
t4 - t3 = 2 ms 
ts - 
t4 = 0.2 ms 


t3 - 
tl = 1.2 ms 
ts - 
tl = 3.4 ms 
ts - 
t2 = 3.2 ms 
ts - 
t3 = 2.2 ms 


Procedure: 
Find 
r(tn 
- 
tk) 
for preceding 
time intervals from Figure 
lOa; then 
substitute 
into Equation 9. 


TI = PI r(t)) ROJL= (80)(0.02) 31 ~ 50°C 


T2 = [PI r(t3) - PI r(t3 - t)) + P2 r(t3 - t2)] ROJL 
= [80 (0.058) - 80 (0.056) + 40 (0.054)] 31 
= [4.64 - 4.48 + 2.16] 31 = (2.32) 31 = 72°C 


T3 = [PI r(ts) - PI r(ts - tl) + P2 r(ts - t2) 
- P2 r(ts - t3) + P3 r(ts - t4)] ROJL 
= [80 (0.074) - 80 (0.073) + 40 (0.072) - 40 (0.066) + 60 (0.027)] 31 
= [(5.91 - 5.83) + (2.88 - 2.64) + (1.62)] 31t 
= (1.84) 31 ~ 57°C 
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Note, by inspecting the last bracketed 
term in the equation 
above it is 
apparent 
that very little residual temperature 
is left from the first pulse at 
the end of the second and third pulse.t Also note that the second pulse gave 
the 
highest 
value of junction 
temperature, 
a fact not 
so obvious 
from 
inspection 
of the figure. However, considerable 
residual temperature 
from 
the second pulse was present at the end of the third pulse. 
Example 2: Find TJ at the end of an overload condition in a train of pulse of 
equal amplitude, spacing, and duration. 
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Figure 15 - Overload Current Condition 
Used in Example 2 to Calculate Peak Junction 
Temperature 
As Waveforms Show, the Load is Resistive. 


tRelative amounts of residual temperature from PI, P2 and PJ respectively are indicated 
by the terms in parenthesis. 


The 
overload-current 
condition 
shown 
in Figure 
15 is applied 
to the 
rectifier 
used in the previous 
example 
and is modeled 
as shown 
in Figure 
16. 


PI is the average 
power 
dissipation 
before 
the overload 
condition, 
P2 is the 


average 
power 
dissipation 
during 
the 
overload 
condition, 
and 
P3 
is an 


equivalent 
peak 
power 
pulse 
resulting 
from 
the 
last 
overload 
pulse 
in the 


overload 
train. 
For the average 
current 
of 0.4 amperes, 
before 
the overload 


condition, 
and 
the average 
current 
of 2.2 amperes 
during 
the overload, 
the 


average 
power 
dissipation 
can be determined 
from rectifier 
power 
dissipation 


data. 
Obtain 
PI = 0.4 watts 
and P2 = 3.0 watts 
for a resistive 
load. 
P3 is a 


peak 
power 
and is obtained 
by noting 
that 
an average 
current 
of 2.2 A has a 
peak 
value of 6.9 amperes 
(3.14 x 2.2) causing 
a peak voltage 
of 1.45 volts, a 
value 
obtainable 
from 
rectifier 
VF - 
IF data. 
Using 
the modeling 
rules, 
the 
equivalent 
rectangular 
pulse, 
P3, 
using 
a conservative 
waveform 
factor 
of 
0.91 yields 


P3 =(0.91)(6.9)(1.45)=9.1 
watts. 


An 
alternate, 
but 
usually 
less conservative, 
method 
of obtaining 
P3 is to 


assume 
that 
the power 
pulse 
is a sinusoid 
in which 
case P3 = (0.91)(3.0) 
1r = 


8.55 watts. 
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P1 is average power prior to overload, P2 is average overload power; from t1 to t2 an equivalent 
overload 
pulse P3 is shown. Peak temperature 
is calculated 
at the end of the power pulse at t3 
and at t5 where reverse voltage has attained 
approximately 
one-half its peak. Both temperatures 
must be below rectifier ratings. 


The 
time 
t3 
- 
t2 is found 
by adjusting 
the 
width 
TM of the power 


pulse P3 for equivalent 
energy 
by using Equation 
9 to obtain 


P2 Tw 
t3 - 
t2 =TM =--p;- 


(t -t 
)=(3)(16.667)_55 
. 
3 
2 
9.1 
. 
ms, 


( 
) 
( 
) 
8.34 - 5.5 
2.84 
I 42 
t2 - tl 
= t4 - t3 
= 
2 
= -2- 
=. 
ms 


tl = (9) (16.67) = 150 ms 
t2 = tl + (t2 - t}) = 151.42 


t3 ~ t2 + (t3 - t2) = 156.92 
ts =t3 +(t4 
-t3)+ 
1=159.34 


t3 - tl = 6.92 
ts - tl = 9.34 


ts - t2 = 7.92 
ts - t3 = 2.42. 


The general equations 
used to calculate the junction 
temperature 
rise 
above ambient at t3 and ts are as follows: 
(11 a) 
T3 = [PI - PIr(t3) 
+ P2r(t3) - P2r(t3 - t}) + P3r(t3 - t2)] RIHL, 


Ts = [PI - PI r(ts) + P2 r(ts - P2 r(ts - t}) 
+ P3 r(ts - t2) - P3 r(ts - t3] ROJL· 


Solving 


T3 = [0.4 - 0.4 (0.315) + 3 (0.315) - 3(0.088) + 9.1 (0.083)] 
31 
= 1.71 (31) ~ 53°C, 


Ts = [0.4 - 
0.4 (0.317) 
+ 3(0.317) 
- 3(0.096) 
+ 9.1 (0.091) 
- 9.1 
(0.068)] 
= 1.15 (31) ~ 36°C. 


Thus the junction 
temperature 
has cooled 
17°C from the time t3 to 
time 
ts. 
Reverse 
power 
dissipation, 
due to reverse voltage 
and leakage 
current, 
has been assumed negligible in the above example. If this is not the 
case, average reverse power dissipation 
is added to pulses PI and Pz; 
also 
a peak reverse power pulse is added between t4 and ts. Equations 
Ila 
and 
II b are accordingly modified. 


THERMAL RUNAWAY 


Rectifier 
circuits may operate 
the rectifying 
diode such that thermal 
runaway 
is liable to occur and to result in destruction 
of the diode. The 
problem 
arises 
because 
reverse 
current 
is such 
a 
strong 
function 
of 
temperature 
and - to a lesser degree - voltage. As power is applied, junction 
temperature 
increases 
causing reverse power 
losses to increase 
when 
the 
diode is blocking. 
The reverse power loss adds to the forward 
power and 
causes 
a further 
increase 
in temperature. 
Thus 
a regenerative 
process 
is 
operating. 
In any thermal 
system, 
the conditions 
for thermal 
stability 
are such 
that the system must be capable of dissipating more heat than is generated, 
i.e., the heat generated in the semiconductor 
must be less than the thermal 
conductivity 
from 
junction-to-air. 
Mathematically, 
th~ 
conditions 
for 
stability are 


where 
dPD/dTJ 
= change in power dissipation per unit change in temperature, 


ROJA 
= thermal resistance, junction-to-ambient. 


A 
graphical 
approach(2) 
may be used to analyze 
the problem 
and 
illustrate 
the principles 
involved. It also permits 
the influence 
of ambient 
temperature 
and thermal resistance to be readily seen. Figure 17 shows how 
this is done; values are typical 
of those encounted 
with Schottky 
barrier 
power rectifiers. 
Curve A is a plot of the heat generated 
at the rectifier junction 
versus 
junction 
temperature. 
The ordinate 
is simply PR(AV) 
and may be found 
from IR vs. TJ and VR curves; it is easy to do for dc conditions. 
The slope of 
curve A IS dPD/dTJ. 


Curve B represents 
the power-dissipation 
capability 
(rate of heat flow) 
of the equivalent thermal circuit as a function of the junction 
temperature 
of 
the rectifier. The slope can be seen to be I/ROJA , which corresponds 
to .the 
thermal 
conductivity 
of the total thermal circuit from junction 
to ambient 
air. 


With no voltage applied, 
the unit dissipates no power and, thus, the 
junction 
temperature 
is the same as the ambient. In Figure 17, this condition 
corresponds 
to the point TA. When voltages are applied to the circuit, the 
heat generated 
by the semiconductor 
(in the form of dissipation) is Pl. This 
amount 
of internal 
heat generation 
in the semiconductor 
requires that the 
junction 
temperature 
increase to T I. However, since the junction 
tempera- 
ture 
has now 
been 
increased, 
the 
total 
power 
generated 
by 
the semi- 
conductor 
must increase to P2. In this manner, 
the junction 
temperature 
and resultant 
power generation increase until a stable condition 
is reached at 
point 
I, 
where 
the 
power-generation 
and 
thermal-conductance 
curves 
intersect, 
resulting in junction 
temperature, 
T2. T2 is approximately 
58°C; 
the ambient 
temperature 
is at the intersection 
of curve B with the abscissa, 
30°C for this example. 
It 
is now 
possible 
to 
predict 
the 
effect 
of changing 
the ambient 
temperature. 
If the ambient 
temperature 
were increased, curve B would be 
translated 
to the right, resulting in a higher junction 
temperature 
because the 


intersection 
of curve A would be to the right of point 
1. If the ambient 
temperature 
increased to 49° C (curve B1), the junction 
temperature 
would 


be about 
85°C. At values of ambient 
temperature 
below 
49°C, for this 


particular 
thermal resistance (2SoC/W), the circuit always fulfills the thermal 


stability criterion, 
i.e., dPD/dTJ 
< ROJA and is therefore a thermally stable 


circuit. At an ambient 
temperature 
49°C, curve Bl is tangent to curve A at 
point 
2, where 
dPD/dTJ 
::: l/ROJA. 
Under these conditions 
the circuit 
is 
conditionally 
stable, since a small incremental 
increase in junction 
tempera- 
ture 
will 
cause 
an 
unstable 
condition. 
A further 
rise in· the 
ambient 


temperature 
will cause the thermal conductance 
curve B1 to fall below the 


power 
generation 
curve 
as shown 
by 
B2. 
Under 
these 
conditions, 
the 


semiconductor 
junction 
temperature 
cannot stabilize. The power generated 


within 
the 
semiconductor 
continues 
to 
increase 
in search 
of a stable 
condition 
until the junction 
is destroyed. 


From 
this 
representation, 
the 
effect 
of changing 
the thermal 
con- 
ductance can be determined. 
If the cooling facility is changed (for instance, a 


better 
heat sink is used), the junction 
will run cooler for a given ambient 
temperature, 
since the slope, curve B, will be increased. Curve C shows what 
happens 
if ROJA is increased to 40°C/W. Note that the maximum 
ambient 
temperature 
allowed is 29°C and that the junction 
temperature 
is at 75°C at 


the point of thermal runaway, (point 3). 
To aid the circuit designer in applying rectifiers having reverse leakage 
high enough to require 
that 
thermal 
runaway 
be considered 
in the design, 


a simplified 
approach 
has been 
devised 
and 
is presented 
on applicable 
Motorola 
data 
sheets. 
It is based on the relationship 


TA(max) :::TJ(max) - 
ROJA PF(AV) - 
ROJA PR(AV)- 
(13) 


where 
TA(max) :::maximum allowable ambient temperature, 


TJ(max) 
:::maximum 
allowable junction 
temperature 
(rated limit or 
the 
temperature 
at 
which 
thermal 
runaway 
occurs, 


whichever is lowest), 


PF(AV) 
:::average forward power dissipation, 


PR(AV) 
:::average reverse power dissipation, 


ROJA 
:::junction-to-ambient 
thermal resistance. 


A reference temperature 
is defined by Equation 
14: 


TR :::TJ(max) - 
ROJA PR(AV). 


The reference temperature 
TR may be limited only by PR(AV)or may 


be limited 
by thermal 
runaway. 
TR is obtained 
by a computer 
solution of 
the basic stability 
criteria boundary 
given in Equation 
12 and explained in 
the preceding 
discussion. TR data is presented 
on graphs similar to that of 
Figure 18. With TR known, TA(max)is found from 


u 


0_ 115 
~~ 
E 
0> 
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0> 
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Figure 18 shows how TR is limited by both 
TJ(max) and thermal run- 
away. 
The transition 
between these two limitations is evident on the curves 
of Figure 18 as a differenc~ in the rate of change of the slope in the vicinity 
of 1150 C. The data is based upon dc conditions. 
For use in common rec- 
tifier circuits Table 
I indicates 
suggested voltage factors 
for an equivalent 
dc voltage to use for conservative design, i.e. 


Full Wave, 
Circuit 
Half Wave 
Full Wave, Bridge 
Center Tapped *t 


Load 
Resistive 
Capacitive* 
Resistive 
Capacitive 
Resistive 
Capacitive 


Sine 
Wave 
0.5 
1.3 
0.5 
0.65 
1.0 
1.3 


Square 
Wave 
0.75 
1.5 
0.75 
0.75 
1.5 
1.5 


The 
Factor 
Fv 
is derived 
by considering 
the properties 
of the various 


rectifier circuits and the reverse characteristics 
of the particular 
diode. At a 


fixed junction 
temperature, 
the reverse power waveform is determined 
for 
various peak reverse voltage levels and average power is calculated. From IR 
- VR data the value of VR, which produces the same power dissipation as in 
the circuit, is found; it is VR(equiv). 
Example: 
Find T A(max) for the diode of Figure 18 operated 
in a 24 V dc 
supply using a bridge circuit with capacitive filter such that the load current 
IL(DC) = 10 A (IF(AV) 
= 5 A), IF(PK) jIF(AV) = 20, Input Voltage = 20 
V(rms), ROJA = 7°CjW. 


Step 1. Find 
V R(equiv) . Read Fv 
= 0.65 
from Table 
1 :. VR(equiv) 
(1.41 )(20)(0.65) 
= 18.3 
Step 2. Find TR from Figure 17. Read TR = 108°C @VR = 18.3 and ROJA 
= 7°CjW. 


Step 3. Find PF(AV) fromrectifierdata.PF(AV) 
= lOW at IpKjI(AV) =20 
and IF(AV) = 5 A. 
Step 4. Find TA(max) 
from Equation 
15. TA(max) = 108-(7)( 10) = 39°C. 
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II 
CHAPTER 3: RECTIFIER 
SPECIFICATIONS AND RATINGS 


The 
electrical 
and 
thermal 
characteristics 
discussed 
previously 
are 
helpful 
in design work. However, rectifiers are tested by the manufacturer 


and ratings 
are based on compliance 
to given specifications. 
Therefore, 
a 
thorough 
understanding 
of specifications 
and ratings is mandatory 
if devices 


are to be used reliably and economically. 
Specifications 
for rectifiers 
are established 
by the rectifier 
JEDEC* 


committee 
for registered 
part numbers, 
e.g., INXXXX numbers. Although 


non-registered 
parts do not always conform 
to the registration 
specification 
requirements, 
the JEDEC 
specifications 
generally 
are used as guidelines. 


Furthermore, 
adherence 
to letter 
symbols and definitions 
as developed by 
JEDEC is widespread, although the symbols and formats have changed in the 
past and will undoubtedly 
change in the future. Consequently, 
although the 
information 
is based upon 
the present 
status of the JEDEC standards 
as 


given 
in NEMA-EIA 
publication 
RS-282, 
past 
practices 
are noted 
and 
background 
information 
is given so that future changes may be understood. 
Table I indicates the symbols and terms used to define various voltages 
and currents 
used in this chapter. The terms are illustrated 
by the waveforms 
of Figure 
I and will be discussed in detail. The table should be studied 
before proceeding. 


VALUE 


Direct-Current 
Direct-Current 
Value, 
Value, 
No 
With 
Maximum 
Total 
Alternating 
Alternating 
Instantaneous 
(Peak) 
rms 
Component 
Component 
Total 
Total 


Forward 
Current 
IFIRMS) 
IF 
IFIAVI 
iF 
IFM 
[If 1 


Average 
Forward 
Current, 
- 
- 
10 
- 
- 
1800 Conduction 
Angle, 


60 cycles per second, 
Half Sine Wave Current 


Peak Repetitive 
Forward 
- 
- 
- 
- 
IFRM 
Current 
[IFM1,ep!l 


Peak Surge Forward 
- 
- 
- 
- 
IFSM 
Current 
(IFMIsu,ge)] 


Forward 
Voltage 
Drop 
VFIRMS) 
VF 
VF1AV) 
VF 
VFM 
[Vf] 


Reverse 
Current 
IR(RMS) 
IR 
IR1AV) 
iR 
IRM 


(I,] 


Peak Working 
Reverse 
- 
- 
- 
- 
VRWM 
Voltage 
[VRMlwkg)] 


Peak Repetitive 
Reverse 
- 
- 
- 
- 
VRRM 


Voltage 
[VRM(,epll 
Peak Non- Repetitive 
- 
- 
- 
- 
VRSM 
Reverse 
Voltage 
[VRMlnon-,ep)] 


Reverse 
Breakdown 
- 
V/BR)R 
- 
v1BR)R 
- 


Voltage 
8VRI 
[bvRI 


VALUE 


Direct-Current 
Direct-Current 


Value, 
Value, 
No 
With 
Maximum 
Total 
Alternating 
Alternating 
Instantaneou 
s 
(Peak) 


rms 
Component 
Component 
Total 
Total 


Forward 
Power 
Loss 
- 
PF 
PF(AVI 
PFM 


Reverse 
Power 
Loss 
- 
PR 
PR(AVI 
PR 
PRM 


Junction 
Temperature 
- 
TJ 
TJ(AVl 
tJ 
TJM 


Peak 
Repetitive 
Junction 
- 
- 
- 
- 
TJRM 
Temperature 


Forward 
Current 
Flowing 
TJFRM 


Reverse 
Voltage 
V RWM 
TJRRM 


Applied 


Peak 
Surge 
Junction 
- 
- 
- 
- 
TJSM 


Temperature 


" ·'·--K-- --~7\-- 


PFtAVI--B----B-- 


__i 
t 
T~----~-- 
- 


'R'AVI 
'R 
f 


'RM 


Figure 
1 - 
Illustration 
of symbols 
for 
reverse 
and 
forward 
Voltage 
and 
Current 
and 
Junction 


Temperature 
Excursion 
resulting 
from 
the 
developed 
power. 


SPECIFIED ELECTRICAL CHARACTERISTICS 
Because the major use of rectifiers is in the conversion of 60 Hz supply 
line voltage 
to 
direct 
current, 
the 
JEDEC 
required 
specifications 
until 


recently 
consisted 
simply 
of a current 
rating, a voltage rating, and some 
measurement 
of reverse current and forward voltage. Presently 
thermal and 


reverse 
recovery 
data 
is also required 
on 
all rectifiers. 
Graphs 
of the 
characteristics 
specified, 
showing 
the 
effect 
of 
voltage, 
current, 
and 


temperature, 
are frequently 
given on manufacturers' 
data sheets. 


Various specifications 
(generally 
referred 
to as specs) in common use 
will be examined 
in this section. Their main purpose 
is to insure that the 
rectifier meets its current and voltage ratings. 


Maximum or Peak Reverse Current (IRM) 


The maximum 
reverse current is the peak reverse current 
through the 
rectifier 
at 
its rated 
reverse 
voltage 
(VRWM) and 
maximum 
operating 


temperature, 
i.e., 
the 
case or lead temperature 
at which 
the current 
is 
derated 
to 
zero. 
If reverse power 
is negligible, 
the maximum 
operating 


temperature 
is equivalent to T JRRM. 


The current 
IRM is generally 
measured 
using a pulse technique 
for 
production 
convenience 
because 
it 
can be done 
quickly 
and offers 
no 
problems 
with thermal runaway. The dynamic load test circuit of Figure 2 


may also be used, but if accurate data is to be retrieved, the diode will have 
to be mounted 
on a substantial 
heat sink having some external 
means of 
controlling 
the case temperature 
to within a few degrees. If temperature 
control 
is not used, differences in forward power dissipation 
between parts 
will cause significant changes in case and junction 
temperature. 
The resulting 
data would be useless because of the strong dependance 
of IR upon TJ. 


Diode 
Under 
Test 


IFIAV) 


or 
IFM 


VFIAVI 
or VFM 


Forward 
Current 
Bypass Diode 


TEST NOTES: 


1. Circuits must be devised so that meterM" 
is not subjected 
to the reverse half cycle. 


2. 
For average readings, 
meters M2 and MJ should be permanent 
magnet moving-coil-type 
direct,current 
instruments. 


3. 
Diode 0, 
may be a low-current 
low-voltage 
type. 


4. 
Diode 02 must handle the forward 
current 
of the diode under test but its reverse characteristic 
is unimportant. 


Figure 
2 - 
Dynamic 
Load Test Circuit which 
may be used for forward 
and reverse characteristics 
(See Chapter 
11 for further 
information). 


Average Reverse Current 
(IR(AV) 


The 
average 
reverse 
current 
is the 
value 
of 
reverse 
leakage 
current 
averaged 
over 
one 
complete 
cycle 
under 
the 
stated 
conditions 
of forward 
current, 
reverse 
voltage, 
and 
case 
temperature. 
Although 
this specification 
serves 
as a comparison 
of the rectifier 
to an ideal 
switch 
of zero 
leakage 
in 
open 
position, 
I R(AV) 
must 
be measured 
in the dynamic 
load 
test 
circuit 
(Figure 
2) with its attendant 
problems 
as discussed 
above. 


DC Reverse Current 
(IR) 


The 
dc 
reverse 
current 
is the 
value 
of 
reverse 
current 
through 
the 
rectifier 
under 
stated 
conditions 
of rated 
dc reverse 
voltage 
(V R) and 
case 
temperature. 
The 
temperature 
specified 
was formerly 
required 
by JEDEC to 
be at the maximum 
operating 
temperature 
but, because 
of thermal 
runaway 
problems, 
it 
may 
now 
be 
specified 
at 
a lower 
temperature. 
DC 
reverse 
current 
at room 
temperature 
is generally 
added 
to the JEDEC specification 
requirements 
by 
manufacturers 
because 
it yields 
a quick 
check 
of rectifier 
quality, 
but it is not significant 
in the establishment 
of the ratings. 


Maximum 
or Peak Forward 
Drop (VFM) 


The 
maximum 
forward 
drop 
is the 
peak 
forward 
voltage 
across 
the 
rectifier 
under 
the 
same 
stated 
conditions 
of 
current 
and 
case 
or 
lead 
temperature 
used 
for the current 
rating 
(10). 
VFM may 
be measured 
using 
the 
dynamic 
circuit 
of Figure 
2 or by 
a pulse 
technique 
to keep junction 
heating 
negligible. 
Using 
the 
dynamic 
circuit, 
the 
temperature 
of the heat 
sink 
must 
be 
controlled 
by 
external 
means 
so 
that 
variations 
in power 
dissipation 
between 
parts 
do not 
influence 
case temperature. 
With the pulse 
method, 
no heat 
sink or complicated 
temperature 
control 
is necessary 
and, 
consequently, 
it is more practical 
to use in production 
testing. 
The 
idea 
of 
testing 
at 
the 
peak 
current 
for 
which 
the 
rectifier 
is 
specified 
is to 
insure 
that 
the 
power 
dissipation 
will 
always 
be below 
a 
certain 
limit, 
so that 
temperature 
limits 
(T JFRM 
or T JRRM) 
will 
not 
be 
exceeded 
when 
operating 
at rated 
conditions. 


Average Forward 
Voltage Drop (VF(AV) 


The 
average 
forward 
voltage 
drop 
is the 
forward 
voltage 
across 
the 
rectifier 
averaged 
over one complete 
cycle 
under 
the same stated 
conditions 
of 
average 
forward 
current 
and 
case 
or 
lead 
temperature 
as 
used 
for 
establishing 
the current 
rating 
of the part. 
VF(AV) 
is measured 
in a circuit 
similar 
to 
that 
for 
VFM shown 
in Figure 
2 except 
that 
a dc meter 
is used 
instead 
of a peak reading 
meter. 


As discussed 
above, 
temperature 
control 
is a problem; 
furthermore, 
this 
measurement 
does 
not 
necessarily 
guarantee 
that 
the 
power 
dissipation 
will 
be 
below 
the 
limit 
necessary 
to 
keep 
temperature 
limits 
from 
being 
exceeded. 
This 
problem 
is 
illustrated 
by 
the 
sketch 
of 
Figure 
3. Two 
rectifiers 
having 
different 
forward 
characteristics 
are shown 
by curves 
I and 
2. Both 
have the same 
VF(AV) 
but the rectifier 
of curve 2 has a higher 
V FM ; 
it will have higher 
power 
dissipation 
than 
rectifier 
I. 


Figure 
3 - 
Two 
Rectifier 
Forward 
Voltage 
Curves showing 
difficulty 
of controlling 
rectifier 
power 
dissipation 
by limiting average voltage 


DC Forward 
Voltage Drop (VF) 


The dc forward 
voltage 
drop 
is the 
forward 
voltage 
across 
the rectifier 
under 
the 
stated 
conditions 
of 
dc 
current 
and 
case 
temperature. 
This 
specification 
has 
gained 
widespread 
popularity 
for 
in-house 
part 
numbers 
since 
it requires 
only 
simple 
test 
equipment, 
but 
it suffers 
even worse 
than 


the 
VF(AV) 
specification 
in controlling 
VFM and in requiring 
temperature 
control 
for 
accuracy. 
A specification 
at room 
temperature 
and 
low 
IF is 
often 
added 
to the minimum 
JEDEC 
requirements 
for use as a quick 
simple 
check 
of rectifier 
quality, 
but it plays only an indirect 
part in the ratings. 


FORWARD 
POWER 
DISSIPATION 


For 
convenience 
of the 
designer, 
data 
sheets 
usually 
show 
a plot 
of 


average 
forward 
power 
dissipation 
versus average forward 
current 
for various 
conduction 
angles. 
Data 
can be obtained 
by measurement 
or values 
may be 


obtained 
by using 
one of several 
methods 
of calculation. 
The methods 
trade 


off 
accuracy 
for 
simplicity 
and 
range 
from 
the 
watt 
per 
amp 
"rule 
of 
thumb"* 
to integration 
techniques 
requiring 
the use of a computer. 


Power 
dissipation 
may 
be measured 
by utilizing 
the thermal 
resistance 
of the heat sink system. 
A thermocouple 
is attached 
to a convenient 
place on 
the rectifier 
case or the heat 
sink, 
and the ac current 
is applied 
to the input 


of a suitable 
rectifier 
circuit, 
preferably 
the one intended 
for end-use. 
The 


temperature 
and average 
current 
levels are recorded 
after 
thermal 
stability 
is 
achieved. 
Next 
dc 
current 
is 
applied 
and 
its 
level 
adjusted 
until 
the 


temperature 
equals 
that 
obtained 
during 
the 
previous 
measurement. 
The 
forward 
drop 
is now 
easily 
measured 
and 
used 
to compu te power. 
This 


measurement 
technique 
is particularly 
useful 
when 
operation 
is desired 
at 


frequencies 
where 
the 
transient 
power 
losses 
of 
the 
diode 
must 
be 
considered. 


Calculation 
of 
ac 
power 
losses 
is complicated 
by 
the 
no'n-linear 
V-I 


characteristic 
of semiconductor 
diodes. 
If diodes 
were 
to have 
a constant 


voltage 
drop 
with 
current, 
the 
power 
waveform 
would 
naturally 
be a sine 


*The 
watt 
per 
amp 
"rule 
of thumb" 
is based 
on the 
assumption 
that 
for any 
given 


value 
of average 
current, 
the average forward 
voltage 
is one volt. This approximation 
is 
conservative 
at small forward 
currents 
and optimistic 
at the high values. It does, however, 


provide 
a reasonable 
guess 
of 
average 
power 
without 
knowing 
the 
forward 
voltage 
characteristic, 
providing 
the conduction 
angle is 180 


0 
• 


wave for sine wave currents. At low currents, the diode drop varies little with 
current; 
consequently, 
the power is nearly sinusoidal. At high currents, 
the 


resistance 
of the diode 
becomes dominant, 
producing 
a power waveform 
which approaches 
the sine squared 
waveshape, 
typical of a resistance. 
To 
show this Figure 4 compares actual diode power waveforms at a low and a 
high level to sine and sine squared functions. 


The most accurate way to solve for average power dissipation is to use a 
computer 
in a piecewise integration. 
The computer 
is programmed 
to break 
the current sine wave into a series of small equal increments. 
Power for each 
increment 
is found by programming 
the computer 
to multiply VF - iF data 


obtained 
by interpolation 
of data points. 
The average power dissipation 
is 


the sum of these increments 
divided by the number of increments times the 


period of the waveform. Accuracy improves with the number of increments 
used. As a guide, average power dissipation 
will be accurate to better than I 
percent 
if the wave is broken into 20 equal increments 
and 25 data points 
are used to define the forward voltage curve . 
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Another 
method 
of obtaining average power dissipation is to approxi- 
mate the forward voltage curve with an offset voltage and a straight line as 
shown in Figure 5; thus V = Vo + mi, where m is the dynamic resistance of 
the diode. 
Since i = 1Msin e, 


PF(AV) =i.J>dB 


= 2"[[ 
VOIMsin B { 


Figure 5 - Approximation 
of a diode forward characteristic 
for accurate calculation 
of power loss when handling a sinusoidal current waveform. 


Solving, find 


VOIM 
mlKt 
PF(AV) = -1r- + -4- 


Since iRMS = 0.5 1M, 


PF(AV) = Vo I(DC)+ mI[RMS) 


or, since the form factor, F = IRMS/IDC, 


PF(AV) = IDC (Vo + mlDC F2). 


Thus, it is readily 
seen that 
waveforms 
with a high form factor or rms 
content 
cause a higher power 
dissipation 
in the rectifier 
diode 
than 
an 


equivalent direct current. 


The 
offset 
voltage-straight 
line approximation 
is good 
when 
the 
forward voltage is in the linear region of the VF - iF curve. In the non-linear 
or exponential 
region 
this approach 
can be used if a different 
slope and 
offset 
are 
determined 
for 
each 
value 
of 
forward 
current. 
Such 
a 
determination 
is an ideal task for a computer. The result is nearly as accurate 
as 
piecewise 
integration, 
but 
the 
program 
requires 
considerably 
less 
computer time. 
The 
computer 
is fed VF - 
iF data 
and 
programmed 
to 
linearly 
interpolate 
between 
points as in the piecewise method. 
Based on the sine 
wave peak value and a percentage of peak value, the compu ter solves for two 
vF values, i.e., for IFM and I'F find VFM and V'F as shown in Figure 5. 
Using these two values of forward voltage the slope and offset voltage are 
found from: 


VFM - Vp 
m= 
, 
IFM - IF 


Values 
calculated 
from 
Equations 
5 and 
6 are 
used in Equation 
2 to 


find power 
at each 
current 
level. Best accuracy 
generally 
occurs 
when I'F ~ 


0.9 
IFM 
since the major 
portion 
of the sine wave's 
energy 
is then 
between 
I'F and IFM· 


Of the 
methods 
used 
to calculate 
the power 
dissipation 
in a rectifier, 


the 
easiest 
and 
most 
conservative 
method 
makes 
the 
assumption 
that 
the 


power 
dissipation 
waveform 
is sinusoidal. 
Thus 
the average power 
dissipation 
is found 
as follows: 


I J1r. 
PM 
PF(AV) = 21r 
0 PM SIn e de = 1r = IDe VFM 
(7) 


PM = IFM X VFM· 


For 
convenience 
in 
calculating 
power 
dissipation, 
Figures 
6 and 
7 
permit 
form 
factor 
and peak 
to average 
values 
to be found 
for a number 
of 
commonly 
used waveforms. 


; 
10 
"iii>•• 7.0 
01••! 
<i 5.0 
B 
E 
~ 
3.0 
o 
o.;; 
~ 
2.0 


-.Lf'L 
T 
""- 
I 
"- 
I 


~ 
-Ial- 
I 


"" ~ 
fL 
f'-.: '~---ial- 


.•••.••••"""~ 
Half·Wave 
" ~'- 
SL../ 
'" 


....•..~, 
--ia f--- 
"- 
m~ 
;> 
~ 
.•.•... 
-jal- 
....•..•••.•. "' 
rUIl-1ave, 
" 


g 
i;l 
u. 


E 
1.0 
o 
2.0 
3.0 
5.0 7.0 
10 
u. 


a. Conduction Angle (Degrees) 


Figure 6 - 
Form Factor for Various Current Waveforms. 
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Temperatures 
The maximum 
and minimum storage temperatures 
(Tstg) 
simply define 
the temperature 
range allowable during storage. Excessively hot tempera- 
tures can damage the die-to-case bond or cause alteration 
in characteristics 
which would result in a field failure, even though the device is not operating. 
Excessively 
cold 
temperature 
can 
cause 
cracking 
of 
the 
crystal 
with 
subsequent 
voltage degradation 
or catastrophic 
failure. Minimum operating 
temperatures 
are usually the same as minimum storage temperatures. 
The maximum 
repetitive 
peak temperature 
TJRRM is the temperature 
at which the device was classified for VRRM . The maximum 
peak values 
TJSM and TJFRM though 
generally not stated, 
are factors in determining 
the surge ratings and the average current ratings with capacitive loads which 
impose 
a high peak-to-average 
current 
ratio upon 
the rectifier. 
The peak 
values are useful 
in calculating 
acceprable 
limits of junction 
temperature 
under transient or pulsed conditions 
and recently (1973) TJFRM was made a 
mandatory 
requirement 
on JEDEC registered part numbers. 


Stud Torque 
The maximum 
stud' torque limit is the allowable torque which may be 
applied 
to the 
threaded 
portion 
of the stud 
in a dry-friction 
condition 
without 
damage to either the rectifier 
die or the case. By using a value of 
torque close to the limit, the rectifier can be mounted 
for minimum thermal 
resistance 
between 
the rectifier 
case and the heat sink. See Chapter 
10 for 
further information. 


Fusing 


The maximum 
current-squared-seconds 
(I2t) is that maximum value of 
the forward 
nonrecurring 
overcurrent 
capability 
for times between 
1.0 and 
8.3 milliseconds. The protective 
fusing elemen t in the rectifier circuit should 
have an 12t value less than the rectifier, so that the circuit opens before the 
rectifier 
can 
be damaged. 
For 
further 
information, 
see the overcurrent 
protection 
section of Chapter 9. 


Voltage ratings are not a characteristic; 
they cannot be measured but 
are stated 
by 
the device manufacturer 
over the entire 
temperature 
and 
operating 
range for the life of the device. Ratings should not be exceeded 
under any circumstances. 
All ratings are referenced 
to a half-wave 60-hertz 
rectifier circuit using a resistive load, unless otherwise specified. 
The first three ratings to be discussed are generally 
all the same for 
rectifiers. Although 
the theoretical 
basis of peak reverse voltage ratings is the 
maximum reverse power generation 
permissible before thermal runaway* 
is 
reached, 
these ratings are frequently 
limited 
for other 
reasons, such as an 
abrupt change in s·lope of the V/1 curve, hysteresis, discontinuities 
excluding 


*Voltage 
ratings generally 
apply 
when 
maximum 
rated forward 
current 
is flowing. 
Under 
this condition 
the 
thermal 
resistance, 
junction-to-ambient 
is necessarily 
rather 
low. As 
discussed 
in Chapter 
2, thermal 
runaway 
can occur well below rated voltage if ROJA 
and 
T A are relatively 
high. 


sharp knees, surface effects, or instability 
of the VII curve. Voltage ratings 


are generally 
well below avalanche 
breakdown 
voltage 
but 
it may be a 
limiting factor at low temperatures. 
The equipment 
designer 
has the responsibility 
for determining 
that 
none 
of the reverse voltage ratings of the device are exceeded 
under any 
possible 
combination 
of operating, 
test, 
or environmental 
conditions. 
If 
voltages exceeding 
any of the reverse voltage ratings 
are applied 
to the 
rectifier 
diode, a markedly 
increased 
probability 
of failure will exist. The 


ratings 
do not 
imply 
any safety 
factor. 
Figure 
I illustrates 
the various 
voltages discussed. 


Peak Repetitive Reverse Voltage (VRRM) 


The 
peak 
repetitive 
reverse voltage 
is the 
maximum 
allowable 
in- 
stantaneous 
value of the reverse voltage, including all repetitive 
transient 


voltages, 
but 
excluding 
all non-repetitive 
transient 
voltages which occur 
across a rectifier diode. 


The peak repetitive reverse voltage occurs in a rectifier connection 
due 
to rectifier diode properties 
in conjunction 
with circuit constants 
and is, to 


some extent, 
under the control of the equipment designer. This is a periodic 


voltage which includes effects such as commutation, 
inductive kicks, etc. 


Peak Working Reverse Voltage (VRWM) 


The 
peak 
working 
reverse 
voltage 
is 
the 
maximum 
allowable 


instantaneous 
value of the reverse voltage which occurs across a rectifier 
diode, excluding all repetitive and non-repetitive 
transient voltages. The input 
voltage to the circuit must be such that the PIV applied to the rectifier does 
not exceed this voltage. The rating is generally based upon operation 
in a 
half-wave 60 Hz rectifier circuit with resistive load. 


DC Reverse Blocking Voltage (VR) 
The maximum 
dc reverse blocking voltage is the maximum allowable 
value of the 
reverse voltage, 
excluding 
all repetitive 
and non-repetitive 


transient 
voltages, 
across a rectifier 
diode. This specification 
is no longer 
used. Values for the dc rating are usually the same as VRWM. 


Peak Non-repetitive Reverse Voltage (VRSM) 
The 
peak 
non-repetitive 
reverse voltage 
is the maximum 
allowable 
instantaneous 
value 
of reverse voltage 
across 
the rectifier, 
including 
all 
non-repetitive 
transient 
voltages 
but 
excluding 
all repetitive 
transient 
voltages. 


The 
non-repetitive 
peak reverse voltage occurs as a random 
circuit 
transient which mayor 
may not originate within the equipment. 
This voltage 


may 
often 
be minimized 
by the 
provision 
of voltage surge-suppression 


components, 
as discussed in Chapter 9. 


CURRENT RATINGS 
Of paramount 
importance 
are a rectifier's 
current 
ratings. 
Current 
ratings are conditional 
ratings - dependent 
upon the rectifier's 
case or lead 


temperature 
and the waveform being handled. In this way, they differ from 
voltage ratings, 
which apply 
over the full temperature 
range of the part 
(unless thermal runaway 
enters the picture), 
and waveform doesn't 
usually 
matter. 


There are several temperature 
limits which are effective in limiting the 
current which a rectifier may handle. Some may be seen on Figure 1 which 
shows the junction 
temperature 
of a rectifier operating in a resistively loaded 
half-wave, 
single-phase 
circuit 
under 
steady 
state 
conditions 
prior 
to a 
current surge. 
The repetitive peak junction 
temperature, 
TJFRM sets one limit upon 
rectifier 
current 
ratings. 
If exceeded 
the 
die bond 
may 
be weakened, 
resulting in an eventual field failure. The limit ofTJFRM 
depends upon the 
manufacturers' 
assembly technique. 
The temperature 
caused by the circuit 
depends 
upon 
the amplitude 
and waveshape 
of the pulse train and the 
transient thermal impedance of the rectifier. 


Another 
limit is set by TJRRM (o.ften called TJ(max), which 
is the 
temperature 
used for determining 
the voltage rating. Note that TJRRM is 
under TJ(AV) 
for the waveform being considered. 
In practice TJRRM and 
TJ(AV) are close together. 


A third limit on the rectifier current rating is the temperature 
at which 
the lead material from the die to the terminal fuses or becomes excessively 
hot. Lead temperature 
is a function of the lead material resistivity and the 
rms value of forward current (T L ex I2R). 
The junction 
temperatures, 
TJFRM and TJRRM , and the lead fusing 
temperature 
must all be considered 
in determining 
a rectifier rating. Since 
one 
or 
the 
other 
will limit 
current 
at different 
operating 
conditions, 
manufacturers 
often 
provide 
curves 
to 
aid in determining 
satisfactory 
operating limits. 


A final temperature 
limit is the peak surge junction 
temperature, 
T JSM. 
If the surge is only allowed a few times (few being defined by JEDEC as less 
than 100) during a rectifier's life, then no harm results providing the surge is 
limited. The surge temperature 
is the basis for the IFSM rating. 


Average Forward Current (10) 
It is customary, 
as well as a JEDEC requirement, 
to rate rectifiers in 
terms of average current 
delivered 
to a resistive load at a specified 
case 
temperature 
in a 60 Hz half-wave circuit. The rated current is defined as 10. 
The basis for this rating is that tJ is below T JRRM when VRWM is applied. 
(At Motorola, 
the 10 rating is developed by a computer 
program which sets 
tJ = T JRRM at a time 
1 ms after forward 
conduction 
ceases. Worst case 
values for 
ROJe 
and VF are used). The case temperature 
used for the 10 
rating is required by JEDEC to be 100°C or higher for case-mounted 
recti- 
fiers and the lead temperature 
is 70°C or higher for lead-mounted 
rectifiers. 


It is safe to assume that 10 is truly an rms limit when estimating current 
ratings for capacitive loads or other loads having a high form factor (ratio of 
rms to average current); 
however, 
such an assumption 
may unduly restrict 
the usefulness of a particular rectifier. Form factor and peak-to-average ratio 
data are shown in Figures 6 and 7 as functions 
of conduction 
angles for 
commonly 
encountered 
rectifier waveforms. The data is useful in establish- 
ing current ratings for conditions 
other than the ones specified. 


Figure 
8 
is an 
example 
of 
current 
derating 
data 
for 
a stud- or 
case-mounted 
rectifier. 
The de (rms) limit is called out at 39.3 amperes. A 
check of the curve data against the data of Figures 6 and 7 reveals that the 
flat portion 
of the curves shows the same rms limit, e.g., for IF M/1F(AV) = 
20, read a = 28° from Figure 7. At this angle, read F ~ 3.9 from Figure 6. 
:. IF(AV) 
= 39.3/3.9 
~ 
10 A which agrees with curve 6. Consequently, 


derating 
curves for waveforms other 
than the one~' shown could easily be 
determined 
by using the data of Figures 4 and 5 to obtain the rms limit and 
using the given derating curves as a guide. 
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Figure 8 - 
Example of Current Derating Data where RMS limits are evident as flat 
portions of the curves (from 1N5829 Data Sheed. 


As mentioned 
previously, the sine wave derating data is based upon tJ = 
TJRRM 
at a time 
lms 
after 
cessation 
of forward 
conduction. 
The de 
derating 
curve, curve (I) on Figure 8 and the square wave derating curve, 
curve 2, are based upon T JFRM because the reverse voltage generally appears 
immediately 
after 
forward 
conduction 
ceases. Note that 
the square wave 
curve, curve 2, is very close to the sine wave resistive load derating data; 
however, 
the average current 
limit is at 28 amperes since I(RMS) = 1.41 
I(AV) for a square wave. 


Derating data for a lead-mounted 
rectifier is shown in Figure 9. Since 
no rms limit is indicated, 
it can be assumed that it is greater than (3.9)(4.3) 
or 18.5 amperes by using data for IFM/I(AV) 
= 20 from Figures 6, 7, and 
9. Therefore, 
other 
waveforms having an rms value below 18.5A could be 
safely handled by the rectifier. 
For these other waveforms, it would be well 
to use thermal 
response data to check for TJFRM to insure it is within a 
reasonable limit by using the technique outlined in Chapter 2. 
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Figure 9 - 
Example of Current 
Derating Data for a rectifier 
which 
does not show an RMS Limit 
(From MR501 
Data Sheet). 


Peak Surge Forward 
Current 
(IFSM) 
The maximum 
allowable 
surge current 
is the peak current 
that 
the 
rectifier can safely handle for a minimum 
of 100 times in its lifetime. It is a 
non-repetitive 
rating in the sense that the surge may not be repeated 
until 
thermal equilibrium conditions 
have been restored. 
An illustration 
of the JEDEC specified 
conditions 
is shown in Figure 
10. The rectifier 
is subjected 
to rated 
voltage and current 
until thermal 


equilibrium 
is established. 
One half-cycle of surge current, 
IFSM 
, is applied, 


followed 
by one half-cycle 
of non-repetitive 
rated-voltage, VRSM. If the 
junction 
temperature 
is driven too high by the current, thermal runaway will 
occur and the rectifier will be destroyed. 


Work 
ing Peak 
Reverse 


Voltage, 
VFlWM 


Occasionally, 
several 
cycles 
of surge current 
(more 
properly 
called 
overload current) 
will have to be handled. 
To illustrate 
overload capability, 
data similar to that of Figure 11 are given on many data sheets. During each 
cycle of overload, peak reverse voltage must not exceed VRWM 
. The intent 
of the JEDEC specification 
is to have tJ at its rated repetitive limit prior to 
the non-repetitive 
surge. To provide additional 
information, 
surge data is 
often given for the situation 
when the diode is in a circuit that is turned on 
at room temperature 
(the 25°C curves in Figure 11). 
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A common 
use for surge data is to check rectifier operation 
in a line 
operated 
circuit with a capacitive 
input 
filter, as shown by the circuit 
of 
Figure 12a. Worst case current surges occur when the switch is closed as the 
input 
sine wave approaches 
its positive peak (Figure 
12b). The waveform 
should 
be compared 
to 
the 
surge rating 
curve. In many 
cases a visual 
comparison 
of the current 
surges is all that is necessary. For example, 
the 
rectifier 
having the surge ratings of Figure 11 will handle two surges of 80 
amperes each when TJ = 175°C or 120 amperes when TJ = 25°C. The circuit 
surges of Figure 12b are 110 amperes for the first pulse and 60 amperes for 
the second one; the other pulses are so low by comparison 
that they need 
not be considered. 
Unless the rectifier is used at its upper temperature 
limit 
of 175°C, operation 
will be quite safe and no further checking is necessary. 
When mor.e precise information 
is needed, the simplest way to match 
the rectifier capability to the circuit is to convert the surge data of Figure II 
and 
the 
waveform 
produced 
by 
the 
circuit 
(Figure 
12b) to equivalent 
rectangular 
waves 
using 
the 
thermal 
modeling 
techniques 
discussed 
in 
Chapter 2. A satisfactory 
model can be obtained 
if the amplitude 
is chosen 
to equal 70%* of the peak value of the actual pulse and the width adjusted 
to contain the same area. Therefore, 
the data of Figure II can be interpreted 
as applying a rectangular 
pulse or a train of pulses having an amplitude 
of 
70% of the sine wave amplitude and a width of 5.83 ms. 


*70% is chosen because the power pulse under surge conditions will be close to a sin2 
function. 
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Using the methods 
of calculating 
instantaneous 
junction 
temperature 
presented 
in Chapter 2, the maximum 
temperatures 
at the end of the power 
pulse and at the time when 
the reverse voltage reaches its peak may be 
calculated 
for 
the rectifier 
data 
and for the circuit. 
If the temperature 
allowed during surge is higher than that produced by the circuit, satisfactory 
operation 
can be assumed. 


II 
CHAPTER 4: BASIC SINGLE-PHASE 
RECTIFYING CIRCUITS 


Rectification 
of alternating 
current is an old and important 
application 
which 
arises because 
it is more 
simple and economical 
to generate 
and 
distribute 
electric energy as alternating 
current, 
but many applications 
of 
electric energy require 
the use of unidirectional 
or direct current. Applica- 
tions 
requiring 
the 
use 
of 
direct 
current 
include 
supplying 
power 
to 
electronic 
circuits, electroplating, 
chemical processing, welding, charging of 


storage 
batteries, 
operating 
series railway 
motors, 
and running 
adjustable 
speed dc motors. 
In 
this 
chapter, 
basic 
characteristics 
of 
single-phase 
circuits 
with 
resistive loads will be discussed. Polyphase circuits are treated 
in Chapter 5; 


filter design follows in Chapter 
6. Results 
of all the calculations 
in this 
chapter are presented in Table I. 


FULL-WAVE 
FULL-WAVE 
RECTIFIER 
HALF-WAVE 
CENTER-TAP 
BRIDGE 
CIRCUIT 
CONNECTION 


~ 
~ 
0 


LOAD 
VOLTAGE 
and 
~ 
~ 
~ 
CURRENT 
WAVESHAPE 


CHARACTERISTIC 


Diode 
Average 
Current 
I F(AV)/ILlDCI 
1.00 
0.50 
0.50 


Diode 
Peak Current 
I FM/IF(AVl 
3.14 
3.14 
3.14 


Form 
Factor 
of 
Diode 
IF(RMS)/IDc 
1.57 
1.57 
1.57 


Diode 
RMS Current 
IFIRMS)/ILlDC) 
1.57 
0.785 
0.785 


RMS Input 
Voltage 
Per Transformer 
Leg 
V;lV 
LlDCI 
2.22 
1.11 
1.11 


Peak Inverse Voltage 
VRRMNLIDCI 
3.14 
3.14 
1.57 


Transformer 
Primary 
Rating 
VA/P 
DC 
3.49 
1.23 
1.23 


Transformer 
Secondary 
Rating 
VA/PDc 
3.49 
1.75 
1.23 


Total 
RMS Ripple, 
% 
121 
48.2 
48.2 


Lowest 
Ripple 
Frequency, 
f,/f; 
1 
2 
2 


Rectification 
Ratio 
(Conversion 
Efficiency), 
% 
40.6 
81.2 
81.2 


Note: 
Poe 
= 1 


2 
L RL (Rs neglected) 
VL 
= IL RL 


Table 1: Characteristics of Basic Single-Phase Rectifier Circuits with Resisitive Loads 


BASIC OPERATION 
When considering 
any rectifying 
circuit, a designer desires to know the 
magnitude 
of the direct 
voltage 
and current, 
the regulation 
of the load 


voltage, and the efficiency 
to be expected 
from the rectifying process. All 
these values depend upon a number of variables - such as the type of circuit, 
the constants 
of the supply, the characteristics 
of the rectifying unit, and the 
nature of the load - which complicate the analytical solution. However, it is 
possible to make certain 
assumptions 
which reduce the circuit to an ideal 
basis from which a useful analysis can be made. 
The simplest circuit for rectifying 
single-phase alternating 
current gives 
half-wave rectification. 
Such a circuit 
is indicated 
in Figure 1a, where the 
bold-faced 
arrow 
represents 
the 
rectifying 
unit 
and 
the 
direction 
of 


conventional 
current flow. Assume (1) an ideal source without resistance and 
having a constant 
voltage, (2) the impressed emf is a pure sine wave, (3) the 
rectifying 
unit has zero resistance 
in the forward 
direction 
of current 
and 
infinite resistance in the reverse direction, 
and (4) the load is a pure ohmic 
resistance. 
With these 
assumptions, 
let a sine wave alternating 
voltage as 


shown in Figure 
Ib be impressed across the input to the rectifying 
circuit. 


The output 
is a rectified 
half-wave 
of current 
as indicated 
in Figure 
Ic, 


which is of a sine form, since i == (VM/Rd 
sin wt. During the second half of 
the cycle the rectifier 
will block curren t. The curren t flowing through 
the 
load resistance RL will produce an iRL voltage drop which is a half sine wave 
form. The voltage waveform across the rectifier is shown by Part e. 


i = VM 
sin wt 
AL 


1 cycle 
• i 
2" 
(cl Current Waveform 


(d) Current Waveform with 
Pertinent Points Indicated 


(e) Rectifier Voltage Waveform 


Figure 1 - Circuit and wave shapes for half-wave rectification. 
(Rectifier diode 
forward voltage drop and reverse current are neglected) 


CURRENT 
RELATIONSHIPS 
Since the function 
of rectification 
is to convert alternating 
current 
to 
direct current, the equivalent value of the direct current output is of primary 
interest. 
Its value will be measured by a dc ammeter placed in the circuit of 
Figure Ia. 
This dc value is the average value of the instantaneous 
rectified current 
over one cycle or a period corresponding 
to 
21T radians. Average values can 
be determined 
by 
a graphical 
and arithmetic 
process 
by measuring 
the 
instantaneous 
value of current 
at a series of equally spaced points along the 
time axis and then dividing the sum of these values by the total number of 
points in a cycle. A more accurate solution may be obtained 
by measuring 
the area under 
the rectified 
current 
pulse and dividing by 
21T. The more 
direct solution is to apply the mathematics 
of calculus to the problem; thus: 


IDe = IAV = d,f: 1M sin wt d(wt). 
(I) 


21M 
IDe = 
21T = 0.318 1M· 


An ac ammeter 
inserted 
in the rectifying 
circuit 
of Figure la gives a 
different 
reading from the dc meter first considered. 
This difference 
arises 
because the ac meter registers effective 
or root-mean-square 
(rms) values* 
rather than average values. The heating or effective value of a current varies 
as the square of the ,instantaneous 
current. Hence to determine 
the effective 
value of the rectified current graphically, it is first necessary to plot squared 
values of the instantaneous 
current as suggested by the dotted 
i2 curve on 
Figure Ic. The effective area under the dotted 
i2 curve may be obtained by 
the graphical point method or by calculus; thus: 


Effective area =f: I~ 
sin2 wtd(wt) 


=IM[~t- 
sin ~w~:= \2, 


and the effective or rms current, IRMS = jeffect~ve 
area = 0.5IM. 
1T 


The average and effective values of rectified current for the half-wave 
circuit are indicated in Figure I. The integration 
of equations 
I and 3 are the 
standard 
procedures 
for 
obtaining 
the 
average 
and 
effective 
values 
of 
periodic functions. 


*To measure accurately, an ammeter which responds to true rms values must be used. 
Most ac meters are actually average responding instruments 
with appropriate 
scale 
multipliers to obtain an rms indication. 


Because the dc component 
of output 
current 
must flow through 
the 
transformer, 
its core is magnetized 
and high core losses result. Half-wave 
circuits are therefore 
not used with transformers 
unless current requirements 
are small. However, it is a very popular circuit for direct line rectification. 
Two types of circuits are used for full-wave, single-phase rectification. 
One circuit uses a transformer 
with a mid-tap in the secondary 
winding, as 
shown in part (a) of Figure 2. The other uses a bridge configuration, 
shown 
in part (b) of Figure 2, which requires two extra rectifier diodes, but the 
secondary 
requires only half as much winding. Circuit operation 
is nearly 
identical. The only other difference is that the bridge rectifiers are subjected 
to only half the peak inverse voltage of the center-tap circuit (to be discussed 
later). 
Since 
both 
half-waves 
of current 
pass through 
the 
transformer 
(dividing in the secondary of the center-tap circuit), there is no dc component 
of flux in the transformer 
core to increase core losses. 
Using the same assumptions 
made for the preceding half-wave rectifier 
circuit, 
the relation 
between the input and output 
sides of either full-wave 
rectifier circuit may be readily calculated. 
Since both halves of the cycle are 
rectified, 
the current 
and voltage 
on the input side are normal effective 
values; rms values on the output 
side are the same as for a sine wave while 
the 
dc 
or 
average 
values 
are 
twice 
that 
of 
a 
half-wave 
circuit. 
The 
relationships 
are shown in Figure 2d. 
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Rectifier circuit efficiencies can be related to a quantity 
termed Form 
Factor 
(F). It is the ratio of the heating 
component 
of a wave to the dc 
component, 
i.e., 


Substituting 
the values from Equations 
2 and 4 into 5, the form factor for a 
half-wave circuit 
is 1.57. It is the same for each rectifier 
element 
in the 
full-wave systems because each side conducts on opposite half cycles. 
Form factor takes on significance when rectifiers must handle high peak 
currents 
at 
low duty 
cycles, 
since 
the 
power 
losses in the diodes 
and 
transformers 
are much 
higher 
than 
encountered 
with 
sine wave pulses. 


Applications 
where high form 
factors are the rule occur when capacitive 
input filters are used, when batteries 
are being charged, and when rectifiers 
are used with SCRs in phase control circuitry. 


UTILIZATION 
FACTOR 


Because of the waveforms involved in rectifier circuits, transformers 
are 
not used as efficiently 
as when they handle pure sinusoidal waveforms. A 
measure of rectifier circuit merit is the utilization 
factor (UF), defined as the 
ratio of the dc output 
power to the transformer 
volt-ampere rating required 
by the primary and/or the secondary. 


For the circuits 
in this chapter, 
the UF can be found by using the 
relationships between rms and average current. As defined, 


UF = lAY VAY 
IRMS VRMS 


For 
a 
full-wave 
circuit, 
transformer 
utilization 
is much 
improved 
because 
conduction 
is continuous. 
In the center-tap 
circuit, 
it must 
be 
considered 
that although 
both windings are present 
only one is used at a 
time. The utilization factor for the secondary is found as 


(0.318 1M) (2) VDC 
UF = 2 (0.5 1M) (l.II) 
VDC = 0.572. 


In the primary, the whole winding is naturally 
in continuous 
use; the input 
power 
is, assuming 
a 
I: I winding 
for 
simplicity, 
(.JL/2)IM 
Vi(RMS). 


Therefore, 
(0.318 1M) (2) VDC 
UF = (V2!2) 1M(1.11 VDc) = 0.812. 


The bridge rectifier circuit has the same utilization 
factor as the primary of 
the full-wave center-tap 
circuit. The UF of the single-phase bridge is quite 
high and is only exceeded by certain polyphase circuits. 
The reciprocal 
of UF is usually indicated 
in tables such as Table 
I, 
because 
circuit 
descriptions 
are generally 
normalized 
to 
the dc output 
current or voltage. However, utilization 
factor does not tell the whole story 
in the case of a half-wave circuit since only one half of the sine wave of 
current is passed, and the windings carry a dc component 
of current which 
magnetizes the iron core and increases the core losses. As a result, half-wave 
rectific;s 
are only practical 
for use with a transformer 
when the current 
requirement 
is very small. 


RIPPLE FACTOR 
The 
rectified 
voltage 
and 
current 
output 
consists 
of a series of 
unidirectional 
waves or ripples. For some applications 
these variations are 
not objectionable 
but for others they must be smoothed 
out by filters. For 
all cases the relative magnitude of the ripple is important 
in the comparison 
of rectifying 
circuits. 
The comparison 
is made in terms of ripple factor. 


Ripple factor is the ratio of effective value of the alternating components 
of 
the rectified voltage or current to the average value. In equation form ripple 
factor is 
effective rectified ac load component 
(IRMS). 
rf = 
average load current (IDe) 
(7) 


Percent ripple is a term used interchangeably 
with ripple factor and is 
simply the ripple factor expressed in percent (rf X 100). 
The various components 
of current 
associated 
with ripple factor are 
illustrated 
in Figure 3. Part (a) shows the single current pulse of half-wave 
rectification, 
and 
part 
(b) 
shows 
the 
splitting 
of the 
pulse 
into 
a dc 
component 
and 
a ripple 
component. 
Parts 
(c) 
and 
(d) 
give an actual 
separation 
of the components, 
and part (e) illustrates the components 
for 
full-wave rectification. 
,.,*- 


(dl_ 


component 
shown In part 
d. 
1filS ratIo may oe cumpuleu 
uy 
lUUUWUI!'> 
Ul~ 
preceding form of calculation. 
Thus the instananeous 
ac ripple component 
i' 
may be represented as 


i'=i-IDC, 


and the total rms value of the ripple component 
I'nns is 


I~, =Vf"f:' (i - IDe>' dB 


=v;.f:· (;2 - 21De i + Ibel dB. 


The first term in this expression 
is the rms value of the total current 
I(RMS)' The integral of the ide part of the second term integrates to the 
average value I(DC), and the last term is simply J2DC after the limits are 
applied. Thus 


l:ms = YliMS 
- 21bc + Ibc 
After 
algebraic manipulation 
and substituting 
the form factor F for 
IRMS/IDC, in Equation 
7, the ripple factor is 


rf =v 
F2 - 1. 
(10) 


(F is the 
form 
factor 
of the 
output 
current, 
not 
the 
diode 
current.) 
Substitution 
of values from Figures I and 2 into Equation 
10 gives 


0.5 1M 
Half-wave F = 0.318 1M= 1.57 


rf=Y1.572 
- 
1=1.21. 


0.707 1M 
Full-wave F = 0.636 1M= 1.11 


rf =Y1.1 I2 - I = 0.482. 


RECfIFICATION 
RATIOS 
(CONVERSION 
EFFICIENCY) 
The preceding 
discussion 
of ripple 
factor leads to the idea that the 
heating 
losses (12R) 
which 
occur 
in the various parts 
of the complete 
rectifier circuit are increased by the irregular waveforms of current 
that are 
inherent 
in the rectifying process. (This loss may be illustrated by comparing 
the 
heating 
loss caused 
by 
a smooth 
or filtered 
direct 
current 
to that 
resulting 
from the actual current waves of Figure 3, parts a, b, and c.) The 
resulting ratio may be termed the ratio of rectification, 
a, and is written as 


a -_ IrDC) RL 
~~- 
(11) 
I(RMS) RL 


Substitution 
of the appropriate 
current values in terms of 1Myields: 


a = .406 (half-wave), 


a = .812 (full-wave). 


The ratio of Equation 
II is sometimes called the conversion efficiency. 
The 
latter 
terminology 
is somewhat 
misleading 
since the overall power 


efficiency 
for the assumed conditions 
(zero losses) must be 100 percent. The 
real significance 
of the ratio 
of rectification 
is that it gives a qualitative 
indication 
of the 
increased 
heat 
losses that 
occur 
wherever 
a pulsating 
current 
flows through 
resistance 
elements. 
A second method 
of expressing 
the increased 
heat 
losses is by the current 
form factor, 
discussed earlier, 
which is the ratio of the root-mean-square 
to the average value. 


VOLTAGE 
RELATIONSHIPS 
The input voltage required 
to achieve a given dc output voltage (VDc) 


is a necessary piece of design information. 
The output voltage (VDc) is IDC 
RL and Equation 
2 states that IDC = 0.318 1Mfor the half-wave circuit. The 
peak 
current 
(1M) is VM/RL 
and the rms input 
voltage 
Vi = VM/...;2. 


Combining these relationships yields: 


VDC = (.318)(...;2) Vi· 
(12) 


The ratio of Vi to VDC is 2.22 for the half-wave circuit. The ratio for a given 
input 
voltage per transformer 
leg is only half this value for the full-wave 


circuit which produces twice the dc level as the half-wave circuit. 


Another 
voltage 
of importance 
is the maximum 
voltage which 
the 
rectifier 
must block when it is not conducting. 
It is called the peak inverse 
voltage, or in rectifier 
parlance, VRRM.VRRM is the sum of the peak input 


voltage and the rectifier peak output voltage at the same instant of time. 
In the half-wave circuit of Figure 1, the output voltage is zero when the 


input voltage reaches its negative peak; therefore, 


VRRM = VM = (y'2)(2.22 
VDc) = 3.14 VDC. 


In the full-wave center-tap 
circuit, the output 
voltage is maximum 
at VM, 
because of rectifier conduction 
on one side, when the other side must block 
VM. Therefore, 
V RRM = 2 VM, but now the rms input voltage, VM is 1.11 
VDC, making VRRM= (y'2)(2)(1.11) 
VDC = 3.14 VDC' For the bridge, the 
blocking 
rectifiers 
are across the output 
voltage; therefore, 
the maximum 
reverse voltage is VM. Consequently, 
VRRM = (y'2)(1.1l) 
VDC = 1.57 VDC. 
Low peak inverse voltage requirements 
are one of the principle advantages of 
bridge circuits. 


CIRCUIT VARIA TIONS 


Many applications 
require equal positive and negative output 
voltages. 
The voltages may be obtained 
from voltage dividers if the loads are fixed. 


However, most supplies must handle variable loads and often 
rely on the 
basic circuits 
shown 
in Figure 4 to maintain 
dual output 
voltages. These 
circuits are simply combinations 
of the standard half-wave and center-tapped 
full-wave circuits previously 
discussed. Chapter 2 illustrates how a rectifier 
bridge assembly may be properly 
handled in the circuit of Figure 4b. If the 


(A 
Bridge 
assembly 
is convenient 


to use in this 
application) 


loads are similar, the circuit of Figure 4a does not have a poor transformer 
utilization 
factor, thereby overcoming one objection to the half-wave circuit. 


The standard 
rectifier 
diode, being just a two terminal device, has no 
internal 
means 
of 
regulating 
current. 
It 
is 
often 
used, 
however, 
in 


conjunction 
with controllable 
rectifiers 
such as SCRs in circuits similar to 
the hybrid bridge rectifier shown in Figure 5. 
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Figure 5 - Typical 
Hybrid 
Bridge Rectifier with 
Resulting Diode Current Waveform 


Similar circuits 
have a multitude 
of applications 
but are most often 
used with fixed 
input voltages to vary the average power to the load. A 
change in gate pulse delay to the SCR serves to vary the conduction 
angle, ex, 


as desired. The hybrid 
bridge may also be used to regulate the load power 
over a range of input voltages or perform 
a combination 
of these functions. 


In such circuits the form factor can be quite high. For this'reason, 
additional 
derating 
must be applied to the rectifiers current 
rating when operation 
is 
confined to small angles of conduction 
(see Chapter 3). 


SUMMARY 
All the commonly 
used characteristics 
of single-phase rectifier circuits 
have been discussed in this chapter. Results are summarized in Table 1. 
From 
the standpoint 
of maximum 
utilization 
of the transformer 
and 
the rectifier diodes, the bridge circuit is superior to the other two. Although 
it requires 
more diodes, overall cost is generally similar because of simpler 
transformer 
construction 
and 
lower 
diode 
VRRM 
requirements. 
For 
economy 
reasons, the half-wave circuit finds use when current requirements 
are small, particularly 
if direct connection 
to the power line is satisfactory. 


Filters 
are generally 
used 
on the output 
of single phase 
rectifying 
circuits. 
Circuit characteristics 
are similar to those shown in Table 1 when 
inductive 
loads or choke input 
filters are used, but characteristics 
change 
drastically 
with capacitive loads or filters. Chapter 6 discusses filtering and 
its effect upon rectifier circuit performance. 


II 
CHAPTER 
5: POLYPHASE 
RECTIFIER 
CIRCUITS 


Polyphase rectifiers are generally preferred where the dc power required 
is in the order of 1 kW or more. Compared 
with single-phase circuits, the 
polyphase 
rectifiers develop an output 
voltage wave into a resistive load that 
is much closer to a steady 
dc potential 
than is the output 
of single-phase 
arrangements. 
Also, the more desirable of the various polyphase circuits give 
a higher output 
voltage in proportion 
to the peak inverse voltage and utilize 
the possibilities 
of the transformer 
more effectively than do the single-phase 
circuits. In polyphase 
applications, 
the primary windings of the transformers 
are often 
connected 
in a delta configuration 
with the secondary 
windings 
connected 
as either a wye or delta configuration, 
or both. While the primary 
source of power is distributed 
as a three-phase system, phase transformation 
with transformers 
can yield six or more phases with resultant 
improvements 
in rectifier 
performance. 
A multiplicity 
of polyphase 
circuits 
have been 
devised; only a few are of relative importance. 
The intent 
of this chapter is 
to develop some of the basic relationships 
to show the demands placed upon 
the 
rectifier 
diode 
by 
some of the more 
popularly 
used circuits. 
More 
exhaustive studies are found in the references. 


REVIEW OF POLYPHASE BASICS 


All significant amounts 
of electrical power are handled by three-phase 
distribution 
systems because: 
1. Less 
copper 
is required 
to 
supply 
a given load 
power 
with 
a 
polyphase 
system 
than 
with 
a single-phase 
system 
of the same 
voltage. 
2. If the load on each phase is identical, 
the instantaneous 
power 
demanded 
from the source is constant, 
i.e., it does not have the sin2 
variations of a single-phase source. 
3. Coils may be connected 
to a polyphase 
source such that a magnetic 
field is developed 
which has a constant 
flux density and rotates 
at 
the frequency 
of the applied sine wave, a feature which simplifies ac 
motor construction. 
Transformer 
windings may be wye (Y) or delta (D.) connected. 
When Y 
connected 
as in Figure Ia, voltages from any terminal (i.e., A, B, or C) to the 
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Transformer windings 
Relationships 
Vector 
Transformer windings 


neutral 
(N) are called phase voltages and appear on a vector diagram as 
shown in Figure 
Ib. The voltages VAB, 
VBC, 
and VCA 
are called line 
voltages. The line voltages are also 120° out of phase, but because they are 
the vector 
sum of two phase voltages 
they 
are V3 times larger and are 
displaced 30° from the phase voltages as shown in part (c).A common meth- 
od of transformer 
connection 
in the delta connection 
indicated by part (d) 
The voltage across the delta terminal 
IS the same as the line voltage, and 
consequently 
bears the same relationship 
to the phase voltage as the line 
voltage. 
When a three-phase system is driving a balanced load, the power is given 
, 


where 
P = total power, 


V = rms phase or line voltage, 


I = corresponding 
rms phase or line current. 


By summing 
voltages 
from 
two phases in a transformer, 
a voltage 
bearing any desired amplitude 
and phase shift from a phase voltage may be 
obtained. 
Thus, there is no inherent 
limit to the number of phases which 
may be generated. 


GENERAL RELATIONSHIPS 
IN POLYPHASE RECTIFIERS 


The analysis of polyphase rectifier circuits may be greatly simplified if 
the transformers 
and rectifiers 
are idealized; 
that is, they are assumed to 
possess 
no 
resistance 
or 
leakage 
reactance. 
Furthermore, 
the 
diode 
is 
assumed to have a zero forward voltage drop and a zero reverse current. By 
idealizing 
the components, 
simple general 
expressions 
can be derived for 
polyphase rectifiers. 
Figure 2 shows the rectified voltage waveform for the general case of a 


1\ 
I \, 
\ 


Figure 2 - 
Rectified 
Voltage 
Waveform 
For Multiphase 
Rectifier 
Circuit 
m is the number 
of output 
pulses per cycle 


polyphase rectifier circuit with a resistive load (See Figure 3 for the simplest 
polyphase 
rectifier 
circuit). 
Conduction 
takes 
place through 
the rectifier 


with the highest 
voltage across it. Note that neither 
the voltage nor the 


current is ever zero in the load. The instantaneous 
load voltage of Figure 2 is 
equal to the voltage of the conducting 
phase, and is given by 


VL = VM sin e, 
(2) 


where VM = the peak phase-to-neutral 
voltage. 
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Figure 3 - Circuit and Waveforms for the Three-Phase 
Star or Half-Wave Rectifier Circuit 


Current Relationships 
As with single-phase circuits, the average value of output current or dc 


value is of prime 
interest. 
It is the average value of the instantaneous 


rectified current over one cycle or a period of 21rlm radians (See Figure 2). 
Using the integral calculus, the average current per phase equals the rectifier 
diode current and is given by 


J 


{1r12) + (1rlm) 
1M 
. 


IF(AV)= 
21r 
swede. 


(1r12) + (1rlm) 


IF(AV) = 1: [Sin (~)]. 


lL(DC) = 1M(~ 
sin ~). 


The 
rms 
current 
(lr) 
is also of interest 
as it determines 
heating 
in the 
transformer 
winding 
resistance 
and in the diode. 
The 
rms value varies as the 
square 
of the instantaneous 
current 
and may be obtained 
by integration. 


[ I 


{1T/2) + (1T/m) 
J 1/2 
Ir = IF(RMS) = 
21 
1T 
IiI sin 20 dO 
(1T/2) 
- 
(1T/m) 


[ 
1 
(1T 
1 
. 21T)]1/2 
Ir=IF(RMS)=IM 
- 
-+-sm- 
21T 
m 
2 
m 


It 
is convenient 
to 
have 
the 
diode 
rms 
current 
in terms 
of average 


current 
rather 
than the peak value so that 
the form 
factor 
of rectifier 
current 
may be determined. 
Equation 
4 may be combined 
with Equation 
7 to obtain 
j1T 
(1T + I . 21T) 
F = IF(RMS)_ 
2" ill 
2"sm ill 


IF(AV) 
. 
1T 
sm-m 


For m greater 
than 
or equal to 3, Equation 
8 may be approximated 
as 
F~ym. 


(The 
simplification 
is done 
by using 
the small angle approximation, 
sin 
o = O. Ordinarily 
the error 
would 
be too large for 0 = 60° , but because 
of the 
nature 
of Equation 
8, the overall error is small.) 


Voltage 
Relationships 


The 
required 
input 
voltage 
from 
each 
transformer 
secondary 
leg (Vi) 
for a given output 
voltage 
must be known. 
Since VM = RL 1M and VL(DC) 
RL IL(DC), substituting 
these relationships 
into Equ'ation 
5 results 
in 


V 
= V 
(m sin!!.) 
(10) 
L(DC) 
M 
1T 
m 


The rms value of Vi is VM fil2 from 
which 


. 
VL(DC) 
Vi = -------- 
Vi (; 
sin 
~ 
) 


The 
peak 
repetitive 
reverse 
voltage 
or peak 
inverse 
voltage 
applied 
to the 
rectifier, 
VRRM, 
is also of vital interest. 
In full-wave 
center-tapped 
circuits, 
it is the sum of the load and peak 
input 
voltage 
at the same instant 
of time. 
To 
obtain 
exact 
values, 
the 
precise 
output 
waveform 
must 
be 
considered. 
However, 
VRRM 
cannot 
exceed 
2 VM and in many 
polyphase 


circuits 
VL(DC) 
~ VM. 
To 
be conservative, 
let 
VL =VM;sinceVi(PK) 
VL y'2, using 
Equation 
11 above, 
VRRM 
can be put 
in terms 
of 
voltage 
as 


V 
~ 2( VL(DC») 
RRM 
m 
. 
1T 
-sm- 
1T 
m 


For bridge connections, 
VRRM 
is just the peak output voltage, which is one 
half of that given by Equation 
12. 


High transformer 
utilization 
is one of the chief benefits of polyphase 
rectifier systems. The utilization 
factor, (UF), discussed in Chapter 4, is the 
ratio 
of de power in the load to the volt ampere or power rating of the 


transformer 
and 
is commonly 
used 
in comparing 
rectifier 
circuits. 
As 


defined, 
UF = ICAV)VCAV)COUTPUT) 
ICRMS)VCRMS)(INPUT) 


Values for the terms- depend 
upon 
whether 
primary 
or secondary 
UF is 
desired. The utilization 
factor 
of the primary 
is found by considering the 
total 
volt-ampere 
requirement 
of the transformer 
and the total 
de load 
power. The secondary utilization 
factor generally considers only a particular 
winding's 
contribution 
to the load and the volt-ampere 
requirement 
of the 
winding. 


Utilization 
factors can only be computed 
by studying the voltage and 
current relationships 
in a particular circuit configuration. 
It can be shownC1) 
that the highest utilization 
factor occurs when m = 3, i.e., conduction 
occurs 
in a winding for 120 


0 


• In this case, the winding is idle for two-thirds of the 


cycle. The larger the number of phases, the longer is the idle time and the 
less effectively 
is the transformer 
being used. To achieve high utilization 
factors and also the advantages of 6 or 12 phase operation, 
bridge circuits are 
used and special secondary 
winding arrangements 
have been devised, which 
permit m to be 3 for the secondary windings; however, m is effectively 6 or 
12 for the output voltage waveform. 


Ripple 
The same relationship 
for ripple holds true for polyphase 
circuits as 
with single phase circuits, i.e., 


ILCRMS) 


IL(Dc) 
An expression 
for the various ripple harmonics 
is obtained 
for the 
general 
polyphase 
rectifier 
system 
by applying 
Fourier 
analysis 
to 
the 
waveform. The resulting expression is given by 
Vrnn 
.j2 
rf = 


y!2VL(DC) 
(nm)2 - 
I 
= the ripple factor due to the nth harmonic, 


Vrnn 
= the peak voltage of the nth harmonic, 


VLCDC)= the de output voltage, 


m 
= the number of output pulses per cycle, 


n 
= the order of the harmonic. 


In Equation 
15, the only harmonics involved are multiples of m. Thus, 
for m = 3, only the third, sixth, ninth, etc., harmonics of the input voltage 
contribute 
to the ripple voltage. 


Rectification 
Ratio 
The last general item of interest is the rectification 
ratio, a, sometimes 
referred to as waveform or conversion efficiency. It is the ratio of dc power 
in the load (I.7L(DC) 
Rd 
to rms power in the load (l2L(RMS) 
RL). 
Since 
the load resistance 
cancels in the ratio 
and 
IL(RMS)IIL(DC) 
is the load 
current form factor, the rectification 
ratio is 


a =[f (l~ad2J2 
(16) 


To find the rectification 
ratio, the total rms component 
of load current must 
be known. 
It may be found from Equation 
6 by recognizing that the total 
current will be m times the phase current. Therefore, 


[ J 


(rr/2) 
+ (rr/m) 
~ 
1/2 


IL(RMS) = 
~ 
I&t sin2e de 


(rr/2) 
- 
(rr/m) 


[m (rr 
1. 
2rr)J 1/2 
IL(RMS) = 1M T m +"2SIll m 


By comparing 
Equation 
18 to Equation 
7, it can be seen that rms load 
current 
is simply ..;m times rectifier 
leg current and the load current is m 
times the rectifier 
leg current. 
Therefore, 
the form factor of the load is 
simply I/vrn 
times the rectifier leg form factor as given by Equation 
8. 
Accordingly: 
j 
rr [rr 
1 
. 2rrl 
F (load) = 
2m.m +"2 SIllm] 
SIllrr/m 


An attempt 
to simplify Equation 
19 as done with Equation 
8 yields unity. 
Therefore, 
it must 
be used 
without 
approximation 
to yield significant 
results. Substituting 
Equation 
19 into Equation 
16 yields: 


2m sin2 (rr/m) 
0= 
( rr 
1. 
2rr) 
-+-SIll- 
m 
2 
m 


Other Factors 
Leakage reactance 
in the transformer 
and diode reverse recovery time 
causes overlap, i.e., a period of time where current flows in two diodes, each 
in 
different 
branches, 
at 
one 
time. 
Overlap 
is caused 
because 
leakage 
inductance 
and the diodes will not allow current in the individual phases to 
change instantaneously. 
One effect of overlap is to reduce the output 
of the 
rectifier 
circuit. This reduction, 
along with the voltage drop in the rectifier 
and transformer 
should be calculated 
and used to correct the output voltage 
predicted 
ideally. The overlap problem is discussed more fully in Chapter 6 
and in the references. 


COMMON POLYPHASE RECTIFIER 
CIRCUITS 
The remainder of this chapter is devoted to a discussion of the basic 
and more popular rectifier circuit configurations. Pertinent characteristics of 
each circuit are listed in Table 1. 


DOUBLE WYE 
WYE·DEL TA CONNECTIONS 
HALF·WAVE 
WITH INTERPHASE 
FULL·WAVE 
STAR 
BRIDGE 
TRANSFORMER 
STAR 
PARALLEL 
SERIES 


RECTIFIER 
CIRCUIT 


bJ" 
~" 
~ i't" 


CONNECTION 


~" 


LOAD VOL TAGE and -- 


~ 
~ 
~ 
~ 


CURRENT 
WAVESHAPE 


CHARACTERISTIC 


Average 
Current 
Through 
Diode,IF{Av,/ILIOCl 
0.333 
0.333 
0.167 
0.167 
0.167 
0.333 


Peak Current 
Through 


Diode.IFM/IFIAVI 
3.63 
3.14 
3.15 
6.30 
6.30 
6.30 


Form 
Factor 
of Current 


Through 
Diode, 


IF1RMSI/IFIAV) 
1.76 
1.74 
1.76 
2.46 
2.46 
2.46 


A MS Current 
Through 


Diode, 
IF1RMS1/ILlOCl 
0.5B7 
0.579 
0.293 
0.409 
0.409 
0.818 


RMS 
Input 
Voltage 
Per 
Transformer 
Leg, 


VjNLIOCI 
0.855 
0.428 
0.855 
0.741 
0.715 
0.37 


Diode Peak Inverse Volt· 
age (P.I.V.I. 


VRRMNLlOCI 
2.09 
1.05 
2.42 
2.09 
1.05 
1.05 


Transformer 
Primary 


Rating. 
VA/P 
DC 
1.23 
1.05 
1.06 
1.28 
1.01 
1.01 


Transformer 
Secondary 


Rating, VA/Poe 
150 
1.05 
1.49 
1.81 
1.05 
1.05 


Total RMS Ripple, % 
18.2 
4.2 
4.2 
4.2 
1.0 
1.0 


Lowest 
Ripple 
Frequency, 


1.11; 
3 
6 
6 
6 
12 
12 


Rectification Ratio (Con- 
version 
Efficiency!, 
% 
96.8 
99.8 
99.8 
99.8 
100 
100 


Three-Phase Star Rectifier Circuit 
The three-phase star rectifier circuit, often referred to as the three- 
phase half-wave rectifier, is illustrated in Figure 3a. The associated voltage 
waveforms are shown in Figure 3b. Because the circuit is economical, it finds 
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Figure 3 - 
Circuit 
and Waveforms for the Three-Phase 


Star or Half-Wave 
Rectifier 
Circuit 


limited 
use where dc output 
voltage requirements 
are relatively 
low and 
current 
requirements 
are too large for practical 
single phase systems. The 
circuit is worth 
studying, 
however, because it is a building block of more 
complicated 
systems. 
By using the equations 
developed 
in the preceding 
section, the various items of interest may be calculated 
as given in Table I. 
The dc output 
voltage is approximately 
equal to the phase voltage. 


However, 
the 
diodes 
must 
block 
approximately 
the line-to-line 
voltage, 


which isvr times the phase voltage. In addition, the transformer 
design and 
utilization 
are somewhat complicated 
because there is a tendency to saturate 
the core because of the dc component 
of secondary 
current 
flow in each 
winding. 


Three-phase Inter-Star Rectifier Circuit 
The 
three-phase 
inter-star 
or 
zig-zag rectifier 
circuit 
in Figure 
4 
overcomes 
some 
of the 
transformer 
limitations 
of the 
three-phase 
star 


circuit. The primary and secondary 
windings each consist of two coils, with 
pairs 
of 
coils 
forming 
a phase, 
located 
on 
different 
branches 
of the 
transformer 
core. The windings on the same core branch are connected 
such 
that the instantaneous 
magnetomotive 
force is zero. Although 
this connec- 
tion eliminates the effects of core saturation 
and reduces the primary rating 
to the minimum of 1.05, it does so at the expense of economy, since it does 
not utilize the voltage of each winding to yield the highest possible output 
voltage. 
The 
two secondary 
windings in series give a voltage 
of y!3V Sl 
instead of 2VSl. This results from the addition of two sinor voltages that are 
60° apart. As a result, the secondary volt ampere rating must be increased 
from the 1.48 value shown in Table I to 1.71. Otherwise, 
circuit constants 
are 
the 
same 
as the 
three-phase 
star 
circuit, 
except 
for 
the 
required 
secondary' voltage. 


Three-Phase Full-Wave Bridge Circuit 
A three-phase full-wave bridge connection 
is commonly 
used whenever 
high dc power is required, 
as it exhibits a number of excellent attributes. 
It 
has a low ripple factor, low diode PlY, and the highest possible transformer 
utilization 
factor 
for 
a 
three-phase 
system. 
Because 
of 
the 
full-wave 
rectification 
associated with each secondary winding, it is permissible to use 
any combination 
of wye or delta primary and secondary 
windings or three 
single-phase 
transformers 
in 
place 
of 
one 
three-phase 
transformer. 
A 
schematic 
of the circuit is shown in Figure Sa. The voltage waveforms are 
shown in Figure 5b. 
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(a) Three-Phase Full-Wave Bridge Circuit. 
The secondary 
may also 
be delta-connected; 
the primary may be wye-connected. 
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(b) Voltage Waveforms. Solid Line is Output 
Voltage and 
the Dashed Lines are the Phase Voltages. 


Figure 5 - Three-Phase Full-Wave Bridge Circuit and 
Associated Waveforms 


Each conduction 
path through the transformer 
and load passes through 
two 
rectifiers 
in 
series; a total 
of six rectifier 
elements 
are required. 
Commutation 
in the circuit 
takes place every 60°, or six times per cycle 
which reduces the ripple to 4.2% and increases the fundamental 
frequency 
of 
ripple to six times the input frequency. 
No additional filtering is required in 
most applications. 
Thus, with this circuit the low ripple factor of a six-phase 
system 
is achieved 
while still obtaining 
the high utilization 
factor 
of a 
three-phase 
system. 
The dc output 
voitage is approximately 
equal to the 
peak line voltage or 2.4 times the rms phase voltage; each diode must block 


only the output 
voltage. Three-phase bridge connections 
are popular and are 
recommended 
wherever both dc voltage and current requirements 
are high. 
The circuit characteristics 
are obtained 
by substituting 
m = 6 in the 
general equations. 
Results are shown in Table I. 


Three-Phase 
Double-Wye 
Rectifier 
with Interphase 
Transformer 
The three-phase 
double-wye rectifier circuit is frequently 
used instead 
of a bridge circuit because each rectifier diode contributes 
only 1/6th instead 
of 
1/3rd 
of the load current. 
However, 
the peak inverse voltage for this 
circuit 
is higher 
than 
the three-phase 
star system 
due to the 
interphase 
reactor. 
The 
circuit 
(Figure 
6) consists 
essentially 
of two 
three-phase 
star 
circuits 
with 
their 
neutral 
points 
interconnected 
through 
an interphase 
transformer 
or reactor 
(also 
called 
balance 
coil). 
The 
polarities 
of the 
corresponding 
secondary 
windings in the two parallel systems are reversed 
with 
respect 
to each other, 
so that 
the rectifier 
output 
voltage of one 


IIInterphase 


Reactor 
(Balance 
Coil) 


three-phase 
unit is at a mlmmum 
when the rectifier output 
voltage of the 
other 
unit is at a maximum, 
as shown. The action of the balance coil is to 
cause the actual voltage at the output 
terminals 
to be the average of the 
rectified 
voltages 
developed 
by 
the 
individual 
three-phase 
systems. 
The 
output 
voltage of the combination 
is therefore 
more nearly constant 
than 
that of a three-phase half-wave system; moreover, the ripple frequency of the 
output 
wave is now six times that of the supply frequency, instead of three 
times. 
In order that the individual three-phase half-wave systems may operate 
independently 
with current 
flowing 
through 
each diode one third of the 
time, 
the interphase 
reactor 
must 
have sufficient 
inductance 
so that the 
alternating 
current flowing in it as a result of the voltage existing across the 
coil has a peak value less than one half the dc load current. That is, the peak 
alternating 
current 
in the interphase 
reactor 
must be less than the direct 
current flowing through one leg of the coil. Since the direct current flows in 
opposite 
directions 
in the 
two 
halves 
of the interphase 
reactor, 
no dc 
saturation 
is present in this reactor. 


Six-Phase Star Rectifier Circuit 
The six-phase~star rectifier circuit is often referred to as the three-phase 
diametric 
or full-wave 
rectifying 
circuit 
because 
it has a center-tapped 
transformer. 
The 
six-phase 
star circuit 
is shown in Figure 
7. The char- 
acteristics are obtained 
from the general rectifier equations where m is equal 
to six. Fields of application 
include 
requirements 
for very high dc load 
currents 
in low-to-medium 
voltage 
ranges. 
Voltage 
is usually 
restricted 
because 
the peak inverse voltage applied to the diodes is twice the peak 
phase voltage and transformer 
secondary utilization is poor. Current flows in 
only one rectifying element at a time, resulting in a low average current, but 
a high peak to average current ratio in the diodes. 
The six-phase star circuit is attractive 
in applications 
which require a 
low ripple 
factor 
and a common 
cathode 
or anode 
connection 
for the 
rectifiers. The primary winding is generally delta-connected, 
although a wye 
connection 
is sometimes 
used 
with 
a 
tertiary 
winding. 
An additional 
advantage 
of 
the 
six-phase 
star 
is that 
the 
dc currents 
cancel 
in the 
secondary, 
and therefore, 
the tendency toward core saturation 
is eliminated. 
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Six-Phase Full-Wave Bridge Circuits 
In many applications, 
it is necessary to reduce ripple below the 4.2% 
level characteristic 
of three-phase, 
full-wave and six-phase, half-wave con- 
nections. 
A reduction 
to approximatedly 
1.0% at a ripple frequency 
twelve 
times the input 
frequency 
can be achieved by using wye-delta secondaries 
which result in 30° phase shift between 
windings. Either parallel or series 
bridge connections 
may be used for the output 
as shown in Figure 8. 


When an equalizing reactor is used to couple the two bridge sections as 
in part (a) the system behaves as two parallel three-phase 
bridge circuits, 
with each section supplying one-half the load current. 
The parallel connec- 
tion of the two groups is preferable 
to avoid having current pass through 
four diodes in series, but for high-voltage applications, 
the series connection 
(as in part b) may result in a more economical design. 


As mentioned 
previously, 
the three-phase 
and six-phase star circuits 
have limited 
application 
because of a number of disadvantages. 
By far, the 
most 
popular 
circuits 
are the three-phase 
full-wave bridge and the three- 
phase 
double-wye 
with 
interphase 
transformer. 
Both 
are alike in many 
respects. 
Comparing 
the 
double-wye 
connection 
with 
interphase 
transformer 
with its rival, the three-phase bridge connection, 
it is found: 


1. The diodes of one leg of an interphase 
transformer 
connection 
have 
to handle twice the voltage but only half the current of the diodes in 
one leg of a bridge connection 
with the same values of direct voltage 
and current. 
This is because 
the commutating 
groups operate 
in 
parallel in the interphase 
transformer 
connection 
and in series in the 
bridge connection. 
The high voltage rating is usually no problem and 
does not, in general, proportionally 
increase the price of the diodes 
(very high voltages excepted), 
but the lower current .value reduces 
the rating of. the diodes and all associated components 
such as fuses, 
bus bars and cooling equipment, 
and is therefore 
a great advantage. 


2. The 
total 
power 
losses are smaller in an interphase 
transformer 
connection 
because of the lower current carried by the diodes. 


3. The 
reactive 
voltage 
drop 
caused by the bus bars can be made 
smaller in an interphase 
transformer 
connection 
since the current to 
be commutated 
is only half of the current commutated 
in a bridge 


connection, 
and the commutating 
voltage is twice as high. 


For these reasons the interphase 
transformer 
connection 
is competitive 
with 
the three-phase 
bridge connection 
in a certain voltage-current 
range, despite 
the relatively high transformer 
rating and the problem of avoiding saturation 
of the interphase 
transformer 
core due to current unbalance. 
In special cases where low ripple is required 
and large power must be 
handled, 
a six-phase bridge or other high order system may prove attractive. 
Other useful systems are covered in the literature.(2) 
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II 
CHAPTER 6: RECTIFIER 
FILTER SYSTEMS 


Rectifiers 
without 
output 
filters, especially 
single-phase circuits, 
find 
limited 
application 
owing to their high ripple and relatively low conversion 
efficiency. 
Since the ultimate 
purpose of rectification 
is to produce a steady 
dc output 
voltage or current, the pulsating current from the rectifier(s) must 
be smooth. 
A Fourier 
analysis 
of the rectifier 
output 
waveform 
yields a 
series containing 
a constant 
term (the dc voltage) and a series of harmonic 
terms. The purpose of a filter is to extract 
the constant 
term and attenuate 
all harmonic 
terms. Since the input 
impedance 
of the filter influences 
the 
current 
and voltage relations of the transfGrmer-rectifier 
combination, 
filters 
are 
broadly 
classified 
by 
the 
type 
of 
input~impedance 
element 
used. 


Naturally 
resistive 
filters 
consume 
power and hence are practical 
only in 
low-eurrent, 
low-power applications. 
Capacitor-and 
inductor-input 
filters are 
widely used, the latter being almost mandatory 
in higher-power applications 
in order to avoid excessive turn-on and repetitive surge currents. Choke-input 
filters 
offer 
greatly 
reduced 
electro-magnetic 
interference, 
which 
is fre- 
quently 
caused by rectifier 
repetitive 
surge currents. 
More efficient 
trans- 
former 
operation 
will also be obtained 
because of the reduction 
in form 
factor 
of 
the 
rectifier 
current. 
Unfortunately, 
chokes 
are 
bulky 
and 
expensive. 
If capacitor-input 
filters must 
be used, 
diodes 
whose 
average 
rating more nearly matches 
the load requirement 
can be used if a source to 
load 
resistance 
ratio 
of about 
0.03 
and voltage 
regulation 
of about 
10 
percent are acceptable. 
Whereas a capacitor 
filter operates 
by attempting 
to hold the rectifier 
output 
voltage 
constant, 
an inductor 
attempts 
to hold 
the load current 
constant. 
The capacitor 
is thus more effective at light loads, the inductor 
at 
heavy loads or small values of the load resistance. Use of an inductor 
alone is 
generally 
impractical, 
particularly 
when 
variable 
loads must 
be handled 
because 
the 
attenuation 
is 
not 
sufficient 
with 
reasonable 
values 
of 
inductance. 
Analysis of a single L-R network shows that the ripple is reduced 
by the factor 


where XL is the reactance 
of the filter choke and RL is the resistance of the 
load. Unless XL }> RL, filter action is ineffective. 
The basic inductor-input 
filter is therefore an L section employing both inductance 
and capacitance 
so 
that 
the complementary 
characteristics 
of the filter elements 
are used to 
advantage. 
It should 
also be noted 
that inductive 
loads, or filters, are not 
good practice in half-wave single-phase rectifiers owing to the large rectifier 
inverse-voltage transient which occurs when conduction 
inevitably ceases. 
In the sections 
to follow, 
the influence 
of the 
filter upon rectifier 


circuit 
behavior 
and 
appropriate 
design 
procedures 
will 
be 
discussed, 
particularly 
as pertaining to the rectifier diode. 


BEHAVIOR OF RECTIFIERS 
WITH CHOKE-INPUT FILTERS 
The voltage and current relations existing in rectifier systems having 
series-inductance or choke-input filter are illustrated by the sketches of 
Figures 1 and 2. While these apply to specific rectifier circuits, the same 
general behavior occurs in all rectifier systems of the choke-input type. 
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These 
idealized 
waveforms 
are determined 
by assuming 
that 
the transformer 
leakage inductance 
is zero. 


The effect 
of 
leakage 
inductance 
is considered 
in connection 
with 
Figure 
3. 


Figure 1 - Voltage and current waveforms existing in rectifier 
systems operating with choke-input 
filters 
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Figure 2 - Typical current waves in primary and secondary windings of 
transformer for ideal choke-input systems. 


When 
the 
input 
inductance 
is infinite, 
the 
current 
through 
the 
inductance is constant and is carried at any moment by the rectifier diode 
that has a positive voltage (or the most positive voltage) applied to its anode 
at that instant. As the alternating voltage being rectified passes through zero 
(or when another 
anode 
becomes most 
positive), the current 
suddenly 
transfers from one diode to another, giving square current waves through the 
individual rectifier diodes, as shown by the dotted lines in Figure 1. When 
the input inductance is finite and not too small, the situation is as shown by 
the solid lines. The current through the input choke then tends to increase 
when the output voltage of the rectifier exceeds the average or dc value and 
to decrease when the rectifier output voltage is less than the dc value. This 
causes the current through the individual diodes to be modified as shown. If 
the input inductance is too small, the current decreases to zero during a 
portion of the time between the peaks of the rectifier output voltage, and 
the 
conditions 
then 
correspond 
to 
a capacitor-input 
filter system, 
as 
discussed later in this chapter. 


The ratio 
of peak 
current 
per individual 
diode to the de current 
developed 
by 
the 
overall rectifier 
system 
depends 
upon 
the 
rectifier 
connection 
and upon 
the size of the input inductance. 
When the input 
inductance 
is infinite, then the anode of each rectifier diode must at some 
time during the cycle carry the entire load current, except in the case of the 
three-phase half-wave double-wye system, where each diode is called upon to 
carry only half of the load current. These and other useful current relations 
for different rectifier connection~ are presented in Table 1. When the inplit 
inductance is not infinite, the current through the input inductance will vary 
around the value for the infinite inductance case, as illustrated in Figure 1. 
In the least favorable case, corresponding 
to an input inductance barely. 


sufficient to obtain choke-input type of operation, the peak value of diode 
current is twice the value corresponding to infinite input inductance. 


THMfoPHASE 
DOU8LEWYE 
SINGL~PHASE 
SINGlE·PHASE 
THRE~HASE 
THREE-PHASE 
WIT" 
FUlL·WAVE 
FULL·WAVE 
HAlF·WAVE 
FUlL-WAVE 
INTERPHASE 
CENTER·TAP 
BRIDGE 
STAR 
8RIDGE 
TRANSFORMER 


RECTIFIER 


~ 


CIRCUIT 
CONNECTION 


~ 
~ 8 
~ 


LOAD VOLTAGE 


~ 
WAVESHAPE 
~ 
- - - 


"HAA4cr"RISTIC 
lAverage 
Current 
Through 
Diode IFIAV,/IL(OC) 
0.500 
0.500 
0.333 
0.333 
0.167 


IlPeak Current 
Through 
Diode IFM/IFIAV) 
2.00 
2.00 
3.00 
3.00 
3.00 
Form Factor 
of Current 
Through 
Diode 
IFiRMS IIF AV' 
1.41 
1.41 
1.73 
1.73 
- 
1.76 
RMS Input Voltage Per 
Transformer 
Leg 
V;lVLIOCI 
i.,,· 
1.11 
0.855 
0.428 
0.855 
Diode Peak Inverse Volt- 


age (P.I.V.l V RRMNLIDCI 
3.14 
1.57 
2.09 
1.05 
42 
Transformer Primary 
Rating VAlP DC 
1.11 
1.11 
1.21 
1.05 
1.05 
Transformer 
Secondary 
Rating VAIPoc 
1.57 
1.11 
1.48 
1.05 
1.48 


Ripple (VrlV LIDCII 
Lowest frequency 
in 
rectifier 
output 
(fr/f,l 
2 
2 
3 
6 
6 
Peak Value of Ripple 
Components: 
Ripple frequency 
(fundamental) 
0.667 
0.667 
0.250 
0.057 
0.057t 
Second harmonic 
0.133 
0.133 
0.057 
0.014 
0.014 
Third harmonic 
0.057 
0.057 
0.025 
0.006 
0.006 
Ripple peaks with refer· 
ence to d c axis: 
Positive peak 
0.363 
0.363 
0.209 
0.0472 
0.0472 
Negative peak 
0.637 
0.637 
0.395 
0.0930 
0.0930 


This 
table 
assumes that 
the input 
inductance 
is sufficiently 
large to maintain 
the output 
current 
of the rectifier 


substantially 
constant, 
and neglects 
the effects 
of voltage 
drop 
in the 
rectifier 
and 
the transformers. 
Poc '" 12L A L' V l 
". Il 
AI.. 


·Secondary 
Yoltage 
on one side of center-tap. 


tThe 
principal 
component 
of Yoltage 
across 
the 
balance 
coil 
has a frequency 
of 3 fi and a peek 
amplitude 
of 
0.500. 


The 
peek 
balance 
coil 
Yoltage, 
including 
the smaller, 
higher 
harmonics, 
is 0.605. 


tt Assumes 
infinite 
input 
inductance. 


Table 1: Characteristics of Typical Rectifiers Operated with 
Inductance·lnput 
Filter Systems 


The voltage 
that 
the rectifier 
system applies to the input 
of a filter 
having a choke input can for nearly all practical purposes be considered 
as 
being given by the idealized curves showing the shape of the output voltage 
produced by an ideal rectifier system across a resistance load. 
The output 
voltage wave of the rectifier can be considered as consisting 
of a dc component 
upon which are superimposed 
ac voltages, termed ripple 


voltages. In the case of the idealized full-wave single-phase rectifier, Fourier 
analysis shows that the output 
wave VLhas the equation* 


2VM 
2 
2 
2 
VL = 1T 
(1 -3cOS 
2 wt - 15 cos 4wt - 35 cos 6wt) 
(1) 


where VM represents 
the peak value of the ac voltage applied to the rectifier 
diode and w is the angular velocity (2',Tf)of the supply frequency. 
Note that 


the dc component 
of the output 
wave is 2/rr times the crest value of the ac 


wave, and the lowest frequency 
component 
of ripple in the output 
is twice 


the 
supply 
frequency 
and 
has 
a magnitude 
that 
is two-thirds 
the 
dc 
component 
of the output 
voltage. 
The remainir.g 
ripple components 
are 
harmonics 
of this lowest frequency 
component 
and diminish in amplitude 
with the order of the harmonic involved in accordance with Equation 
1. 
Table 
1 gives the 
results 
of the 
analyses( 1) for the output 
waves 
delivered 
by 
several popular 
polyphase 
rectifier 
connections. 
The ripple 


voltages are much less for the three-phase 
half-wave rectifier 
than for the 


single-phase connection, 
and are still less for the six-phase arrangements. 
In 
all cases, the amplitude 
of the ripple components 
diminishes rapidly as the 


order of the harmonics is increased. 


Input Inductance 
Requirements 


To achieve normal choke-input 
operation, 
it is necessary that there be a 
continuous 
flow of current 
through 
the input inductance. 
The peak value of 
the alternating 
current flowing through the input inductance 
must, hence, be 


less than 
the dc output 
current 
of the rectifier. 
The value for minimum 


inductance, 
called critical inductance 
Lc is derived as follows: 
The average or dc current is VL(DC)/RL. 
The peak alternating 
current 
is very 
nearly 
the 
peak 
value 
VM1/Wl L of the fundamental-frequency 


component, 
since the higher-frequency 
components 
of the ripple current are 
relatively small. The ripple harmonics 
are smaller than given by Equation 
1, 


because of the higher reactance 
of the inductor 
at the harmonic 
frequen- 


cies, The ratio 
of peak-to-average 
current 
therefore 
closely approximates 
(VMl /VDC )/wLc/RL, 
which must not be less than unity. For a single-phase, 
full-wave circuit, 
the fundamental 
ripple component 
WI is twice the input 
frequency 
Wi; also, the ratio VMl /VDC is the coefficient (2/3) of the funda- 
mental 
ripple frequency 
term (cos 2wt) in Equation 
1. After substituting 
2wj 
for 
WI 
and 2/3 for VMI /VDC 
into the previous expression, 
the fol- 
lowing equation for critical inductance 
is found: 


Lc= 3;j 
(2) 


Using a similar 
procedure 
for 
polyphase 
rectifiers, 
the 
critical 
in- 
ductance is found to be 
2RL 
L=---- 
m(m2 
- 
l)Wi 


In Equations 2 and 3 


LC = the critical inductance 
in henries, 


RL = the load resistance in ohms. If the resistance of the choke, diode, or 
transformer 
is significant, the values should be added to RL, 


Wi = the input or line frequency in rad/sec, 


m 
= the effective phase number for the output wave. 


For convenience, Equations 2 and 3 are put in the form 


Lc = RLlA, 


where 
A is a constant 
determined 
from Figure 3. The critical inductance 
required 
in 
polyphase 
systems 
is considerably 
less than 
required 
in a 
single-phase system. 
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The higher the load resistance, i.e., the lower the dc load current, 
the 
more difficult 
it is to maintain 
a continuous 
flow of current. 
Also, with a 
given L, continuous 
flow will not occur when the load resistance exceeds a 
critical value. 


When the inductance 
is less than the critical value, the system acts as a 
capacitor-input 
system, described 
later. When the load current varies from 
time to time, it is necessary 
to satisfy the equations 
at all times if proper 
operation, 
and in particular, good voltage regulation are to be maintained. 
In 
order 
that 
this requirement 
may be satisfied 
at very small load currents 
without 
excessive inductance, 
it is necessary to place a resistance (commonly 
termed a "bleeder" 
resistance) across the output of the rectifier-filter 
system 
in order to limit RL to a value corresponding 
to a reasonable 
value of Le. 


superimposed 
upon 
the dc magnetization. 
Incremental 
inductance 
always 


increases 
as the dc magnetization 
decreases. 
This 
fact is of assistance 
in 


satisfying 
the equations 
at low load currents 
where RL is large and can be 
put to advantage by the use of a "swinging" 
choke in which the inductance 


is varied by the load current 
using a controlled 
approach 
to saturation 
that 
lowers inductance 
as current increases. 


It is also important 
that series resonance between 
the input choke and 
first filter capacitor 
is avoided. Since at resonance, 
l/wjL 
= Wjc, 
to avoid 
resonance it is sufficient to insure that 


Wj2 
LC> 2 


where Wj is the lowest frequency 
component 
of the ripple. 
The output 
ripple magnitude depends upon the values of the choke and 
the capacitor used. It is calculated as shown in subsequent 
sections. 


Voltage Regulation in Choke Input Systems 
Given 
ideal 
components, 
the 
voltage 
regulation 
of a rectifier-filter 
system employing 
input inductance 
greater than the critical value would be 
perfect, 
i.e., 
voltage 
output 
would 
be independent 
of load current. 
In 
practice, 
the output 
voltage 
falls off with 
increasing 
load as a result of 
resistances in the diodes, filter, and transformer 
and as a result of the leakage 
reactance 
of the supply 
transformer. 
The various resistances 
in the circuit 
reduce 
the output 
voltage without 
affecting 
the waveshapes in the system. 


The leakage reactance of the transformer, 
however, distorts the waveshape of 
the output 
voltage by preventing 
the current 
from shifting instantly 
from 
one transformer 
winding to another, 
as in the ideal cases of Figure I. The 


situation 
in a typical case is shown in Figure 4 where 
Jl represents 
the time 
interval required 
to transfer 
the current. 
During this transition 
period, the 


output 
voltage 
assumes 
a value 
intermediate 
between 
the 
open-circuit 
voltages of the two windings that are simultaneously 
carrying current, 
as 
shown, 
instead of following the open-circuit 
potential 
of the more positive 


anode as is the case in an ideal system. As a result, the average voltage of the 
output 
is less than if no leakage inductance 
were present 
by the amount 
indicated 
by the shaded areas. The quantitative 
relations, 
which are quite 


complicated, 
depend 
upon 
both 
the rectifier 
and the transformer 
connec- 


tions. 
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When the input inductance 
is less than the critical value, the output 
voltage rises, and when the load resistance is very large, the output 
voltage 
will approach 
the peak value of the rectifier output 
waveform causing the 
system to have poor voltage regulation. 
When the load current is small, the 
energy stored in the inductor 
is also small and the inductor is essentially out 
of the circuit. 


BEHAVIOR OF RECfIFIERS 
USED WITH CAPACITOR-INPUT 
FILTERS 


The rectifier-filter 
system illustrated 
in Figure 5 differs from that of 
Figure I in that a shunt capacitor 
is presented 
to the rectifier output. 
Each 
time the positive peak alternating 
voltage is applied to one of the rectifier 
anodes, 
the input 
capacitor 
charges up to just 
slightly less than this peak 
voltage. No current is delivered to the filter until another anode approaches 
its peak positive 
potential. 
When the 
capacitor 
is not 
being charged, 
its 
voltage drops off nearly linearly with time because the first filter inductance 
draws a substantially 
constant 
current. 
A typical set of voltage and current 
waveforms is shown in Figures 5c and d. Note that use of an input capacitor 
increases the average voltage across the output 
terminals of the rectifier and 
reduces the amplitude of the ripple in the rectifier output voltage. 


Analysis of Rectifiers with Capacitor-Input 
Systems 
The detailed action that takes place in a capacitor-input 
system depends 
in a relatively 
complicated 
way upon 
the load resistance 
in the rectifier 
output, 
the input filter capacitance, 
the leakage reactance 
and resistance of 
the transformer, 
and the characteristics 
of the rectifier diode. For purposes 
of analysis, the actual rectifier 
circuit, such as that of Figure Sa, is replaced 
by the equivalent 
circuit of Figure 5b. The diode is replaced by switch S, 
which closes only when one of the diodes conducts current. The transformer 
is replaced 
by an equivalent 
generator 
having a voltage equal to the open- 


circuit 
line to center-tap 
secondary 
voltage and having equivalent 
internal 
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Figure 5 - Actual and equivalent circuits of capacitor-input rectifier system, together with 
oscillograms of voltage and current for a typical operating condition. 


impedance 
elements Ls and Rs. The inductance 
Ls is the leakage inductance 
of the transformer, 
measured across one-half the secondary winding with the 
primary short-circuited. 
The source resistance Rs is the corresponding 
trans- 
former resistance 
plus a resistance to account for the resistance of the diode. 


In very low voltage systems, a small potential 
rJ> may be needed to accurately 
account 
for the diode voltage drop. The input capacitor of the filter system 
is C1 , and the first inductance 
L1 is assumed to draw a constant 
current 
11 
equal to the dc voltage developed across the input capacitor 
divided by the 
sum of the actual load resistance plus the resistance of the filter inductance. 


By utilizing the equivalent 
circuit of Figure Sb, the effects that result 
from changes in circuit proportions 
may be deduced. Thus a decrease in the 
load resistance, 
i.e., an increase in the dc output 
current, reduces the average 
or dc output 
voltage, increases the ripple voltage, and increases the length of 


time 
during 
which 
the diode 
is conducting, 
as illustrated 
in Figure 
6a. 
Increasing the input capacitance 
has as its principal effect a decrease in the 
ripple voltage and also causes the average voltage to be increased slightly; 
these effects are shown in Figure 6b. Increasing the leakage inductance 
(or 
resistance) 
of the transformer, 
reduces 
the average output 
voltage as illus- 


trated in Figure 6c, and likewise decreases the ratio of peak-to-average 
current 
flowing through 
the rectifier diode. In the case of a source and diode having 
very low impedance, 
the situation is as illustrated in Figure 6d, and the peak 
current becomes quite high. 


Increased 
Leakage 
Inductance 


lc) Effect of Transformer 
Leakage Inductance 
(d) Effect of Very Low Diode 
and Transformer Impedance 


Figure 6 - 
Effects of circuit constants and operating conditions 
on behavior 
of rectifier operated with capacitor-input 
filter. 


Design of Capacitor-Input 
Filters 


The best practical 
procedure 
for the design of capacitor-input 
filters 
still remains based on the graphical 
data presented 
by Schade(2) in 1943. 
The 
curves shown 
in Figures 
7 through 
10 give all the required 
design 
information 
for half-wave and full-wave rectifier 
circuits. Whereas Schade 
originally 
also gave curves for the impedance 
of vacuum-tube 
rectifiers, 
the 
equivalent 
values for semiconductor 
diodes must be substituted. 
However, 


the rectifier 
forward drop often assumes more significance than the dynamic 
resistance 
in low-voltage supply applications, 
as the dynamic resistance can 
generally 
be neglected 
when 
compared 
with 
the sum of the transformer 
secondary-winding 
resistance 
plus the reflected 
primary-winding 
resistance. 


The forward 
drop may be of considerable 
importance, 
however, since it is 
about 
I V, which clearly cannot be ignored in supplies for 12 V or less. 


Returning 
to the above curves, the full-wave circuit will be considered. 
Figure 8 shows that a circuit must operate with WCRL ;;;. lOin order to hold 
the voltage reduction 
to less than 
10 percent and WCRL ;;;.40 to obtain less 
than 
2 percent 
reduction. 
However, 
it will also be seen that these voltage- 
reduction 
figures require Rs /RL, where Rs is now the total series resistance, 
to 
be 
about 
0.1 % which, 
if attainable, 
causes repetitive 
peak-to-average 
current ratios from 10 to 17 respectively, as can be seen from Figure 9. These 
ratios can be satisfied by many diodes; however, they may not be able to 
tolerate the turn-on surge current generated when the input-filter 
capacitor is 
discharged and the transformer 
primary is energized at the peak of the input 
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Figure 7 - Relation of applied alternating peak voltage to direct output voltage in half-wave 
capacitor-input circuits. 
(From O. H. Schade, Proc. IRE, vol. 31, p. 356, 1943.) 
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Figure 
8 - 
Relation 
of applied 
alternating 
peak voltage 
to direct 
output 
voltage 
in full-wave 
capacitor-input 
circuits. 
(From 
O. H. Schade, Proc. IRE, vol. 31, p. 356, 
1943.) 
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Figure 9 - 
Relation 
of RMS and peak to average diode current 
in capacitor-input 
circuits. 
(From 
O. H. Schade, Proc. IRE, vol. 31, p. 356, 
1943.) 


waveform. The rectifier is then required 
to pass a surge current determined 
by the peak secondary 
voltage less the rectifier 
forward 
drop and limited 
only by the series resistance 
RS. In order to control 
this turn-on 
surge, 
additional 
resistance m~lst often be provided in series with each rectifier. 
It 
becomes evident, 
then, that a compromise 
must be made between voltage 
reduction 
on the 
one 
hand 
and 
diode 
surge rating 
and 
hence 
average 
current-carrying 
capacity on the other hand. If small voltage reduction, 
that 
is good voltage regulation, 
is required, 
a much larger diode is necessary than 
that demanded 
by the average current rating. An obvious solution is to avoid 
the use of a capacitor-input 
filter or to balance the cost of increased rectifier 
surge capacity 
against the alternative 
of a choke-input 
filter, as discussed 
previously. 
A design 
example 
showing 
the 
use 
of Schade's 
curves is given in 
Appendix 
1. For comparative 
purposes, Table 2 (page 99) shows rectifier 
circuit values when wCRL = 100 and Rs/RL 
= 2%. 
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Figure 10 - Root-mean-square ripple voltage for capacitor-input circuits. 
(From O. H. Schade, 
Proc. IRE, 
vol. 31, P. 356, 
1943.) 


DIODE PEAK INVERSE VOLTAGE 


The peak inverse voltage of a rectifier system operating in conjunction 
with a series-inductance 
input depends upon the connections. 
It ranges from 
as high as 1T times the dc component 
of the output voltage, in the case of the 
single-phase center-tapped 
connection, 
to barely more than the dc voltage in 
the three-phase full-wave bridge. Results in typical cases are given in Tables 1 
and 2 and are seen to be the same as determined 
for the resistive load circuits 
in Chapters 4 and 5. 


The peak inverse voltage PlY applied to the rectifiers in capacitor-input 
systems is generally based upon the capacitor 
charging to YM, which is the 
case when the load is light and the capacitor 
large. However, since the peak 
of the reverse voltage sine wave occurs sometime after the capacitor has been 
charged, PlY is somewhat less than 2 YM as shown by Figure II. 
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Figure 11 - 
Ratio of operating peak inverse voltage to peak applied 


ac for rectifiers used in capacitor-input, 
single-phase, filter circuits 


The ratio of the actual dc rectified 
power output 
to the volt-ampere 
capacity of the windings on the basis of sinusoidal waves, for the same heat 
loss due to winding resistance, 
is termed the transformer 
utilization 
factor 
(UF). Its value depends upon the rectifier connections 
and is, in general, not 
the same for the primary and secondary 
windings, since the waveshapes in 
these windings will generally be different. 
Table I shows the reciprocal 
of 
the 
UF 
of 
the 
primary 
and secondary 
windings 
for some of the more 
commonly 
used rectifier connections. 
Derivation of the values is handled as 
shown for the resistive load circuits discussed in Chapter 4. 


The wave shages of the currents 
that flow through the windings of the 
transformer 
in the idealized 
case of a rectifier 
system operating 
with an 
infinite 
input 
inductance 
are shown 
in Figure 
2 for two 
typical 
cases. 
Because 
these 
waves are not 
sinusoidal, 
the heating 
of the transformer 
windings is greater for a given dc power output 
from the rectifier than would 
be 
the 
case 
if the 
same 
amount 
of ac power 
were 
delivered 
by 
the 
transformer 
to a resistance 
load. It is accordingly 
necessary 
to design the 
transformer 
windings 
more 
generously 
for rectifier 
applications 
than 
for 
cases where sinusoidal currents are involved. 
Since transformer 
volt-ampere 
ratings vary with the rms content of the 
rectifier 
circuit, 
they 
must 
be calculated 
for each capacitive-inpu t filter 
design. Higher Rs/RL ratios help reduce transformer 
requirements. 
Also, the 
effects of transformer 
satuation 
and finite bandwidth 
cannot be ignored. The 
former tends to limit the peak current while the latter allows the capacitor 
to charge over a longer time and hence reduces 
the charging current 
i = 
C dv/dt. 
Core saturation 
generally 
occurs on the recurrent 
charging peaks, 


SURGE CURRENT 
Because semiconductor 
junctions 
are limited in the amount of transient 
power which they can safely handle, 
attention 
must be given to the surge 
current 
which occurs when the circuit is energized. The expected 
behavior 
can be deduced 
by studying 
the equivalent 
circuit of the rectifier 
system 
shown in Figure 5b. 


For 
analyzing 
a choke 
input 
filter, a choke is inserted 
between 
the 
switch and the capacitor 
Cl. Before voltage is applied, Cl may be regarded 
as a short. Current build-up will be governed by the L/Rs 
time constant 
of 
the circuit. (L is the sum of. the filter and transformer 
leakage inductance). 
The current 
surge is not significantly 
different 
than encountered 
in normal 
operation, 
even if the input voltage is applied at a time when the voltage has 
reached 
its positive peak, because 
the inductor 
has high reactance 
to fast 
rising transients. 
The capacitor-input 
filter, 
however, 
allows a large surge to develop, 
because the reactance 
of the transformer 
leakage inductance 
is rather small. 


The maximum 
instantaneous 
surge current is approxima tely VM/Rs and the 
capacitor 
charges with a time 
constant 
'( ~ 
Rs 
Cl. 
As a rough 
- 
but 
conservative 
- check, the surge will not damage the diode if VM/Rs is less 
than the diode IFSM rating and '( is less than 8.3 ms. It is wise to make Rs as 
large as possible and not pursue tight voltage regulation; therefore, 
not only 
will the surge be reduced 
but rectifier 
and transformer 
ratings will more 
nearly approach the dc power requirements 
of the supply. 


COMPARISON 
OF 
CAPACITOR-INPUT 
AND 
INDUCTANCE-INPUT 
SYSTEMS 


The basis for distinguishing 
between 
inductance-input 
and capacitor- 
input systems is that in the former the current flows continuously 
from the 
rectifier output 
into the filter systems, while in the latter the current flows 
intermittently 
from the rectifier 
into the filter. Intermittent 
action is also 
present with inductance 
input systems when the input inductance 
is less than 
the 
critical 
value. 
When this 
is the 
case, 
the 
system 
is classified 
as a 
capacitor-input 
arrangement 
even though it possesses a series inductance. 
A comparison 
of the performance 
of inductance-input 
and capacitor- 
input systems shows that in the latter arrangement 
the dc voltage is higher, 
the ripple voltage more, the surge current higher, and the voltage regulation 
poorer, 
than 
when 
inductance 
input 
is 
used 
with 
the 
same 
diode, 
transformer, 
load resistance, and capacitance. 
Also, with capacitor input the 
ripple voltage increases with increasing load curren t, unlike the inductance- 
input 
system where the ripple voltage is independent 
of load current. The 
utlilization 
factor 
of 
the 
power 
transformer 
is much 
poorer 
with 
the 
capacitor-input 
system because of the higher ratio of peak-to-average current 
flowing through 
the rectifier diode, and likewise the diode is less efficiently 
utilized. 
The 
charapteristics 
of the various popular 
rectifier 
systems 
are 
shown in Table 2. 


THREE·PHASE 
SINGLE'PHASE 
SINGLE.pHASE 
THREE'PHASE 
DOUBLEWYE 
THREE-PHASE 


SINGLE 'PHASE 
FULL·WAVE 
FULL·WAVE 
HALF·WAVE 
THREE'PHASE 
WITH 
FULL·WAVE 


HALF·WAVE 
CENTER·TAP 
BRIDGE 
STAR 
BRIDGE 
INTERPHASE 
STAR 


RECTIFIER 


CIRCUIT 


~ 
~ 


CONNECTION 


~ 
U 8 3=fm 
a 


"-,oi" 
• 


VOLTAGE 
WAVESHAPE 
TO 
~ - 


LOAD OR FILTER 
AA 
~ 
- - - 


CHARACTERISTIC 
LOAD 


Average Current 


Through Diode 
R.L&C· 
1.00 
0.50 
0.50 
0.333 
0.333 
0.167 
0.167 


',IA,\Il/IUOC 
R 
314 
3.14 
3.14 
3.63 
3.15 
3.15 
6.30 
Peak Current 
Through 
L' 
- 
2.00 
200 
3.00 
3.00 
3.00 
6.00 
Diode 
'FMI1FCAV) 
C 
8.0 
8.0 
80 
DATA NOT AVAILABLE 


FOfm FactOf at Cur· 
R 
1.57 
1.57 
1.57 
1.76 
1.74 
1.76 
I 
2.46 
rent Through Diode 
L' 
- 
1.41 
1.41 
1.73 
1.73 
1.73 
I 
2.45 


1'(fIlMS 
FIA.V) 
C 
2.7 
2.7 
2.7 
DATA NOT AVAILABLE 
RMS Current Through 
R 
1.57 
0.785 
0.785 
0.587 
0.579 
0.293 
I 
0.409 
Diode 
L 
- 
0.707 
0.707 
0.578 
0.578 
I 
0.289 
I 
0.408 


'FIRMS1/ILIOCI 
C 
2.7 
1.35 
1.35 
DATA NOT AVAILABLE 


RMS 10ptJI Voltage 
R&L 
2.22 
1.11 
1.11 
0.855 
0.428 
0.B55 
0.741 
Per Transformer 
Leg V.NLCOCI 
C 
0.707 
0.707 
0707 
0.707 
0.408 
0.707 
0.707 
DI~ 
Puk Inverse 
R&L 
3.14 
3.14 
1.57 
2.09 
1.05 
2.42 
2.09 
Voltage (P I V I 


VARMNuoCI 
C 
200 
2.00 
1.00 
2.00 
1.00 
2.00 
2.00 


Transformer 
Primal',,! 
R 
'349 
1.23 
123 
1.23 
. 
1.05 
1.06 
1.28 
Rating VAlPoc 
L 
- 
1.11 
1.11 
1.21 
1.05 
1.05 
1.28 


Transformer 
Second- 
R 
3.49 
1.75 
1.23 
1.50 
1.05 
1.49 
1.81 
ary RatingVA/Poc 
L 
- 
1.57 
1.11 
1.48 
1.05 
1.48 
1.81 


Totel RMS Ripple, % 
R 
121 
48.2 
48.2 
18.2 
4.2 
4.2 
4.2 
Lowest 
Ripple Fre. 
1 
2 
2 
3 
8 
6 
6 
quency, f./f 
Rectifteatlon Ratio 
R 
40.6 
81.2 
81.2 
96.8 
99.8 
99.B 
99.8 


(Conversion 
EHi· 
L' 
100 
100 
100 
100 
100 
100 
cicncvl.% 


Shunt 
capacitor-input 
arrangements 
are generally 
employed 
in radio 
and television 
receivers, 
high fidelity 
sound systems, small public-address 
systems, etc., when the amount 
of dc power required is small. They must be 
used with half-wave rectifiers 
and are attractive 
when the input power is 
taken directly 
from the ac line without 
a power transformer. 
In contrast, 


inductance-input 
arrangements 
are used when the amount of power required 
is large, since then 
the higher 
utilization 
factor 
and lower peak currents 
result 
in important 
savings in rectifier 
and transformer 
costs. Inductance 
input 
is also always employed 
when good regulation 
of the dc voltage is 
important 
but the precision of an electronic 
regulator 
circuit is not needed. 


Inductance-input 
systems 
are 
always 
employed 
in 
polyphase 
rectifier 
systems. 


FILTER 
SECTIONS 
Figure 12 gives typical examples of filters that are placed between the 
rectifier 
output 
and the load to make 
the current 
delivered 
to the load 
substantially 
pure 
direct 
current. 
These 
filters 
are made 
up 
of series 
impedances 
(either 
inductances 
or resistances) 
that 
oppose 
the flow of 
alternating 
current from the rectifier output 
to the load and shunt capacitors 
that 
by-pass the alternating 
currents 
that 
succeed in flowing through 
the 
series impedances. 
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For purposes 
of discussion 
and analysis, filters are ordinarily 
divided 
into sections, 
each of which consists of a series impedance 
followed by a 
shunt 
capacitor, 
as indicated 
in Figure 
12. It will be noted 
that 
in this 
classification 
the inductance 
in an inductance-input 
system is considered 
to 
be part of the first section of the filter. However, a shunt capacitance 
across 
the rectifier 
output 
is not included 
as part of a filter section, but rather is 
considered 
to be part of the rectifier system, which delivers to the first filter 
section 
a voltage 
corresponding 
to the voltage developed 
by the rectifier 
across the input capacitor. 


Voltage and Current Relations in Filters 


The input voltage to the filter is whatever output 
voltage is developed 
by the rectifier 
connection 
in the case of inductance-input 
systems (it is the 
same as with a resistive load), or is the voltage developed across the shunt 
capacitor 
in the case of capacitor-input 
systems. The ripple voltage in the 
output 
of the rectifier-filter 
system is then the alternating 
component 
of this 
input voltage reduced by the action of the filter sections. 
Most filter sections 
are composed 
of a series inductance 
and a shunt 
capacitance. 
In practical 
filters 
of this type, 
the reactance 
of the shunt 
capacitance 
at 
the 
lowest 
ripple 
frequency 
is much 
smaller 
than 
the 
resistance 
of the load (or the reactance 
of the series inductance 
of the 
following section). 
Substantially 
all ripple current entering the inductance 
L 
of the section 
flows -through the capacitance 
C of the filter section. 
The 


current 
in the section is then Vi/(wL 
- 
l/wC), 
where Vi is the alternating 
voltage applied across the input 
to the filter section. The voltage that this 
current 
develops 
in flowing 
through 
the capacitor 
C is (l/wC)Vi/(wL 
- 


l/wC) 
= Vi/(w2 
LC - 1). Dividing by Vi results in the following relationship 
for the voltage reduction 
through an L-C section: 


Vo 
1 
-=-----, 
Vi 
(w2LC 
- 
1) 


where: L 
= series inductance 
of filter section, 


C 
= shunt capacitance 
of section, 


w/2rr = frequency 
of ripple voltage involved. 


Results of Equation 
6 are given in Figure 13 for the usual case where 


the ripple 
components 
are harmonics 
of 60 Hz. Figure 
14 indicates 
the 


actual ripple output 
of a full-wave single-phase rectifier circuit. 


When the current 
drawn 
by the load impedance 
is small, the series 
inductance 
of the LC filter may be replaced by a series resistance as shown in 
Figures 
12e and f. This arrangement 
is widely used in resistance-coupled 
amplifiers, 
tuned radio-frequency 
amplifiers, etc., and has the advantage that 
a resistance 
is much 
less expensive 
than 
an inductance 
of corresponding 
effectiveness. 
The disadvantage 
is the dc voltage drop and power loss that 
occur in the resistance; these losses limit the resistance-capacitance 
type of 
filter to cases where the current 
is small and where a moderate 
dc voltage 
drop is permissible. 
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Figure 
13 - 
Reduction 
in ripple 
voltage 
produced 
by a single 
section 
inductance-capacitance 
filter 
at various 
ripple 
frequencies. 
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In practical resistance capacitance filters, the reactance of the shunting 
capacitor is always made small compared to the series resistance of the filter 
and to the impedance to which the output of the filter section is connected. 
The ripple current flowing in R is Vi/JR2 
+ OjwC)2 
~ Vi/R, where Vi is 
the ripple voltage applied to the section. The ripple output voltage of the 
section results from the current Vi/R flowing through the reactance l/wC of 
the capacitance C of the section, and hence is Vi/RwC. Therefore, a section 
of resistance-capacitance filter reduces each frequency component of voltage 
applied to the input side according to the approximate relation 


where R is the 
12e). 
When a filter consists of more than one section, the total reduction 
in 
ripple voltage produced 
by the several sections is very nearly the product 
of 
the voltage-reduction 
factors of the individual sections. The effectiveness of 
the filtering accordingly increases rapidly with the number of sections. For 
many 
applications, 
a single section 
is entirely 
adequate, 
particularly 
with 
polyphase 
rectifiers. Only in special cases, such as audio-frequency 
amplifiers 


with very high gain, will the number of sections required exceed two, and 
then 
only 
for 
those 
parts 
of 
the 
amplifier 
that 
operate 
at very 
low 
signal-power levels. 


Vo _ 
1 
Yj- RwC' 


series resistance 
and C is the shunt capacitance 
(see Figure 


Graded Filters 
When the output 
of a rectifier-filter 
system is called upon 
to supply 
voltages for several stages of an amplifier-system, 
ordinarily 
the amount 
of 
ripple 
or hum voltage that can be tolerated 
is least for those stages that 
operate at the lowest signal-power levels. This makes it desirable to arrange 
the filter system so that the voltages applied to different 
circuits operated 


from the rectifier-filter 
system undergo different amounts of filtering. 
For 
example, 
the 
output 
stage 
of an audio 
amplifier 
obtains 
its 
collector 
voltage 
directly 
from 
the input 
capacitor, 
which is permissible 
because 
of 
the 
high 
power 
level at 
which 
the 
output 
stage 
operates, 
combined 
with 
the hum-suppressing 
action 
of the usually used push-pull 
connection. 
Progressively increased 
filtering is provided for the lower level 


stages, care being taken to design the system so that the reduction 
in ripple 
voltage 
introduced 
by the filter between 
stages is at least as great as the 


amplification 
of the stages. 
A graded filter reduces to the lowest possible value the magnitude 
of 
the currents 
that must be carried by the series impedance 
arms of the filter 
and often makes it practical to use resistance-capacitance 
filter stages in parts 
of the system, as illustrated 
in Figure 12. This results in substantial 
economy 
in cost, weight, and size, compared 
to an arrangement 
in which the entire 
rectifier 
output 
is subject 
to the maximum 
amount 
of filtering. 
A graded 
filter also provides isolation 
or decoupling 
between stages, thereby reducing 
regen eration. 


Filter Component 
Selection 


The inductance 
coils used in a filter must have laminated 
iron cores 
with an air gap that 
is sufficient 
to prevent 
the dc magnetization 
from 
saturating 
the core. The inductance 
that 
is effective 
in the filter is the 
incremental 
inductance, 
which 
depends 
both 
upon 
the 
dc 
and 
the 
ac 
magnetizations 
of the core. In estimating 
the ac magnetization 
that can be 
expected, 
it is normally assumed that the alternating 
current flowing in the 
inductance 
is equal to the voltage of the lowest ripple frequency 
applied 
across 
the 
input 
of the 
filter 
section, 
divided 
by the reactance 
of the 
inductance 
of the section. The alternating 
magnetization 
in the inductance 


of 
the 
first 
section 
may 
be 
relatively 
large, 
whereas 
the 
alternating 
magnetization 
for the inductances 
of the other 
filter sections will be very 
small if the first section is at all effective. 


The 
capacitors 
used 
in 
filters 
must 
be 
capable 
of 
continuously 
withstanding 
a dc voltage equal to the peak voltage applied to the rectifier. 
Electrolytic 
capacitors 
are ordinarily 
useq where the peak voltages do not 
exceed 400 to 500 volts. Such capacitors have very low cost in proportion 
to 
capacitance, 
but they possess the disadvantage of a limited life. Paper and oil 
capacitors 
are used at higher voltages and also find use at lower voltages 
where long life is more important 
than low cost. 


EXAMPLE OF POWER SUPPLY DESIGN 
Information 
given in this chapter is used to design a power supply for 
an 
audio 
amplifier 
in 
a 
home 
entertainment 
center. 
Since 
electronic 
regulation 
is not economically 
feasible for such applications, 
the dc supply 
voltage will be obtained 
from a 120 V, single-phase line. The supply will 
consist of a stepdown 
transformer, 
rectifier 
diodes, and a capacitive-input 
filter as shown in Figure 15. 
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Design Constraints 
For 
this 
example, 
a supply 
is to 
be designed 
to meet 
the power 
requirements 
of 
a 
20 
watt 
stereo 
amplifier 
(operating 
in an ambient 
temperature 
of 55°C) which must drive 8 ohm speaker loads. The output· 


power transistors 
will be in a totem pole configuration 
and operate 
from a 
single dc supply. Theoretically, 
a 36 Volt supply would be adequate, 
but a 
full load voltage of 40 V is required to make up for transistor 
and resistive 
losses. The average current drawn from both channels at rated power out (20 
W per channel) is 1.43 A. To minimize distortion, 
idle current is 50 mA per 
channel. 
At zero signal the ripple is critical and must be held to 400 mV 
maximum 
so that no hum is detectable. 
Regulation 
is not critical, but it is 
desirable to keep the no load voltage below 50 Volts to ease the voltage 
requirements 
of the output transistors. 


From 
the 
previous 
discussion, 
the 
power 
supply 
specifications 
are 
summarized in terms of the constants required: 
1) 
w 
= 27Tf= 377 rad/sec, 


2) 
RL = VL(DC)/IL(DC), 


= 40/1.43 = 28n at full load, 


= 50/0.1 = soon at idle, 


3) 
VL(DC)(fullioad/VL(DC) 
(idle) =80%, 


4) 
rf 
= 400 mV/50 V = 0.8%. 


Passive Component 
Selection 


The choice of circuit is between a single-phase full-wave center-tap or a 
full-wave brid;;e circuit as outlined 
in Table I of Chapter 4. The center-tap 
requires 
only 
two 
diodes, 
but 
it has the disadvantages 
of requiring 
an 
additional 
winding, 
causing 
a poorer 
transformer 
utilization 
factor, 
and 
doubling 
the required 
voltage ratings of the diodes. The deciding factor in 
favor of using the bridge rectifier circuit is its higher secondary 
utilization 
factor. This is an important 
consideration 
when using a capacitive input filter 
because high rms currents are required from the transformer 
to obtain good 
output voltage regulation (i.e., a low Rs/RL 
ratio is required). 


The curves shown in Figure 10 are used to find a value for C to meet 
the ripple specification. 
To use the curves, it is necessary to estimate a value 
for the Rs/RL 
ratio. This can be done by referring to Figure 8 and assuming 
that the idle de voltage equals the peak of the input voltage and that the 
wCRL product 
is large enough to place operation 
in the right hand plateau 
of Figure 
8. Based on these assumptions, 
note that to hold VL(DC) /VM 
above 80%, Rs/RL < 7%. If it is desired to minirriize* C, then operation may 
move into the knee region and Rs/RL 
may need to be made considerably 
less than 7% to hold VL(DC)fVM to 80%. 
From Figure 
10, at rf = 0.8%, Rs/RL 
= 1% (being conservative), 
read 
WCRL = 90. :. C = 90/(377) 
(500) = 496J.LF and a standard value of 500J.LF 
can be used. 
A suitable value for Rs to maintain the required voltage regulation can 
be obtained by using Figure 8. Under full load with C = 500J.LF, WCRL = 5.2. 
Again assuming that the output voltage at idle equals the peak input voltage, 
which makes VL(DC)fVM = 80%, read Rs/RL "'"3.5% at WCRL = 5.2. :. Rs 
= (0.035) 
(28) "'" l.On. This value may be largely composed 
of the sum of 
the transformer 
secondary 
resistance. 
the reflected primary resistance, and 
the diode dynamic resistance. 


At idle, Rs/RL.= 
1.0/500 = 0.2% and, as previously found, WCRL = 90. 
From Figure 8, VL(DC) /VM is read as 97% which verifies the validity of the 
assumption 
that VL(DC)(idle) = VM. 


*In many 
cases, minimizing 
C will result 
in lower 
cost. However, 
by choosing 
a larger 
value of C, Rs may be increased 
to obtain 
the same voltage regulation, 
with the beneficial 
effects 
of lower 
rms and peak surge currents. 
The lower rms values may result 
in lower 
cost for the transformer 
and diodes such that the overall power 
supply cost is less. 


Transformer 
Selection 
The peak output 
voltage developed across the capacitive filter has been 
specified as 50 which requires a transformer 
secondary rms voltage of 35 V. 


However, because of the forward voltage drops across the diodes, a standard 
36 V transformer 
may 
be used. 
The 
transformer 
volt-ampere 
rating 
is 
dependent 
on rms current which can be obtained from Figure 9. At full load, 
Rs/RL 
= 3.5% and wCRL = 5.2. In full-wave circuits, n = 2, the value of 
nwCRL = lOA, and Rs/RL 
= 3.5%, yielding a diode current form factor of 
approximately 
2.1. The load and secondary 
form factor, being full-wave, is 
11ft times the diode form factor. Consequently, 
the transformer 
rating is 


VA = (36) (1.43) (2.1)/y'2 
= 77. 


Diode Selection 
A diode bridge assembly is recommended 
for ease of installation. 
The 
bridge voltage rating 
should 
be at least 20% greater 
than 
the peak line 
voltage, 
becaus~ it may be coupled 
through 
the transformer 
interwinding 
capacitance when the primary is energized. (See Chapter 9) 
In choosing a bridge, the. total output 
current 
of 1.43 A is used as a 
selection guide rather than average current per diode. The MDA200 series of 
bridges with 2.0 A current ratings will be evaluated for this application. 
It is 
necessary to determine 
whether 
these bridges can handle the repetitive peak 
currents 
into the filter and the iriitial surge current required to charge the 
filter capacitor. 


The steady 
state peak-to-average 
current 
ratio can be obtained 
from 
Figure 9. With Rs/RL = 3.5% and nwCRL = lOA, a peak-to-average ratio per 
leg of 7 is interpolated. 
Consulting Figure 16, taken from the MDA200 data 
sheet, 
a peak-to-average 
ratio 
of 7 per leg yields a maximum 
full-wave 
average 
current 
capability 
of about 
1.7 A at 55°C, 
which exceeds 
the 
requirement 
comfortably . 
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The MDA200 diode bridge assembly has a surge current rating of 60 A 
for one cycle, i.e., it will handle two 60 A, half cycle (8.3 ms) surges. The 
worst case peak surge current in this application is 


VM/Rs = 50/1.0 = 50A 


The time of the surge is'the time it will take to charge the capacitor, roughly 
the time constant of the series resistor and the filter capacitance 
or 


t ~ RsC = (1.0) (500)JlF = 0.5 ms. 


Since the surge current is less than the rating and the time is much less than 
one cycle, the MDA200 bridge will be satisfactory. 
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= 1T 
2V 
DC component =.2! 
sin wt d(wt) = ~ 
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2V fwt 
= 1T 
Ripple component of 
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1T M 
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frequency nW/2rr, 
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II 
CHAPTER 7: RECTIFIER 
VOLTAGE 
MULTIPLIER 
CIRCUITS 


Voltage 
multiplying 
power supply 
circuits are often 
employed 
when 
high voltage sources are required, 
current demand is small, and regulation is 
not too important. 


The principle of operation 
for all multiplying 
circuits is essentially the 


same. Capacitors 
are charged and discharged on alternate 
half-cycles of the 
ac supply voltage. The voltage at the output 
terminals is the sum of these 
voltages in series. Thus, the rectifier 
loading is necessarily 
capacitive, 
and 
high peak currents 
flow through 
the rectifier, 
much like half-wave rectifier 


circuits with capacitor input filters. 


VOLTAGE DOUBLING CIRCUITS 


The conventional 
full-wave voltage doubler is shown in Figure 1. It 
IS 
the most commonly used voltage doubling circuit. 


RS! 
RS! 
= RS2 


C, 
= C2 


0, 
C, 


2 VM 


O2 
C2 


VM 
sin wt 
RS2 


The circuit operates 
as follows: C2 is charged to VM through 
D2 and 
RS2 during the negative half-cycle of the supply voltage. During the positive 
half-cycle, the supply voltage charges C1 through 
D1 and RS1. A voltage of 
2VM appears 
across the output 
terminals. 
The capacitors' 
voltage ratings 
must 
be greater 
than 
VM, 
and the peak voltage rating 
of the rectifiers, 
VRRM, must be greater 
than 
2VM. 
The ripple 
frequency 
will be twice 
that of the input 
supply. 
\ 


Conventional 
voltage doubler 
circuits 
may be designed 
from 
curves 


similar to those used for capacitor input filters. See Figures 2 through 
5. 


Voltage 
doublers 
have the high inrush 
and peak repetitive 
currents 
encountered 
with capacitive input filters. The source resistance, Rs, must be 


chosen to limit the inrush current to a safe level. 


As an example, 
suppose 
approximately 
200 volts dc is required 
from 
the ac line to supply a 1k load. A rectifier is selected whose surge rating is 
lOA. 


RS is selected from. 


Rs > VM(max)/IFSM 
> (1.41)( 130)/ 10 (High line is taken as 130 volts) 
> 19 Q (use 20 Q). 


Capacitor 
size is determined 
by using Figure 2, which requires 
that 
VL(DC)/YM and Rs/RL be calculated. 
VL(DC)/VM == 200/(1.41)(117) 
(Normal line is taken as 117 volts) 


== 1.21. 


Rs/RL 
== 20/1000 
== 2% 


Read wCRL "'"7.0, 
:. C == 7.0/wRL 
== 7.0/(377)(103) 
== 18.6~F. (Use 20 /IF). 
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With C = 20,uF, WCRL = 7.54 and the remaining circuit information 


may be found: 


From Figure 3, IFM/IF(AV) = 5.5 
From Figure 4, If/IF(AV) 
= 2.2 


From Figure 5, rf 
= 13%. 
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In the cascade circuit, 
(Figure 
6),Cl 
is charged (through 
D2) 
in the 
negative half-cycle. 
In the positive half-cycle, 
C1 in series with the input 
voltage charges C2 to a voltage of 2V M , when RL is very large. The capaci- 
tor C1 should be rated at VM, 
C2 at 2VM, 
and the rectifier should have a 
peak inverse voltage rating of 2VM. 
The ripple frequency 
is that 
of the 


input. 


The cascade voltage doubler has poorer voltage regulation because the 


charge on Cl must supply the charge to C2; however, it has the advantage of 
a common 
connection 
between 
the output 
and the input. To compare the 


Vin 


Circuit 
Volts 
Rs 
RL 
C 
V L(OCI 
I L(OCl 
r, 


Configuration 
(rmsl 
Ohms 
Ohms 
ILF 
Volts 
mA 
% 


Conventional 
117 
20 
1k 
20 
205 
205 
12.0 


Cascade 
117 
20 
1k 
20 
160 
160 
16.0 


two voltage doubling 
circuits, 
the circuits may be evaluated 
using similar 


components. 
The resulting characteristics 
are given in Table I. Design curves 
have not been worked out for the cascade circuit. It performs better when 
Cl is much larger than C2. 


VOLTAGE TRIPLING CIRCUITS 


The full-wave voltage tripler shown in Figure 7 operates as follows: On 
the negative half-cycle of the supply voltage, Cl and C3 (in parallel) charge 
to VM. On the positive 
half-cycle C 1 (in series with the supply voltage) 


charges to 2VM. Thus a voltage of 3VM will appear at the output 
terminals 


of the circuit. The voltage rating of Cl and C3 must be greater than VM, and 
the rating of C2 must be greater 
than 2VM. The diodes should be able to 
block at least twice the maximum 
peak value of the input supply voltage. 
The ripple frequency 
of the output 
is twice that of the input. The output 


characteristics 
for the full-wave tripler are shown in Figure 8. 
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The cascade principle 
may be extended 
to obtain 
a voltage tripler as 
shown 
in Figure 
9. The operation 
of the cascade voltage tripler is quite 
similar to that of the cascade voltage doubler circuit. The voltage rating of 
CI should be greater than VM and the voltage ratings of C2 and C3 should 
be greater than 2VM. The peak inverse voltage ratings of the diodes should 
also exceed 
2VM. 
The ripple frequency 
of the output 
voltage will be the 
same as the frequency of the applied voltage. 


As might 
be anticipated, 
the 
regulation 
and ripple 
of the cascade 
voltage 
tripler 
is inferior 
to that 
of the full-wave voltage tripler. 
For a 
comparison of the two circuits, refer to Table 2. 


Circuit 
A, 
VUOCI 
I L(Oel 
A, 
VLIOCI 
'LIOe) 
'F 
Configuration 
Ohms 
Volts 
mA 
'F 
Ohms 
Volts 
mA 
% 


Full 
'Wave 
5.0k 
385 
77 
2.4 
1.5k 
255 
170 
8.0 


Half'Wave 
5.0k 
328 
66 
28.0 
1.5k 
170 
112 
37.0 


VOLTAGE 
QUADRUPLERS 
The full-wave voltage quadrupler 
circuit of Figure 
10 operates in the 
following way. Assume that the input supply voltage is positive. This causes 
capacitor 
Cl to charge through 
D2 to VM. Also, capacitors C4 and C2 in 
series with D4 charge to VM/2 
(assuming the capacitors are equal in value). 


The charging voltage polarities of Cl, C2 and C4 at this point are shown in 
Figure 
10. On the negative half-cycle, 
C1 in series with the supply voltage 
charges C3 through Dl to 2VM. Also, capacitor C2 charges to VM through 
D3 with the opposite 
polarity 
than that shown in Figure 10. On the next 
positive half-cycle, capa~itor C4 is charged to 2VM since the voltage across 
C2 and the supply voltage are in series. In addition, 
the charge on Cl 
is 
replenished. 
At this point, the output 
voltage across C3 and C4 is 4VM. The 
next 
negative 
cycle replenishes 
the charge on C2 and C3 and the next 
positive cycle replenishes the charge on C 1 and C4. 
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VM 
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C1 T- 
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·Voltage 
polarity 
is 
opposite 
to that 
shown when 
fully 
charged. See Text. 


The ripple on the output 
has a frequency 
twice that of the input. The 
voltage rating of Cl and C2 must be greater than VM while that of C3 and 
C4 must be greater than 2VM. All of the diodes must have a voltage rating 
greater than 
2VM. 
Output 
characteristics 
are shown in Figure 
II. 


The cascade half-wave voltage quadrupling 
circuit is shown in Figure 
12. The operation 
of this circuit is basically the same as the other cascade 
networks. 
The capacitance 
of Cl should be high and its voltage rated above 
VM while the remaining 
capacitors 
and the diodes should be rated above 
2VM. The ripple frequency 
of the output 
is the same as that of the supply. 
The regulation 
of the half-wave voltage quadrupler 
is inferior 
to the 
full-wave as might 
be expected. 
(Compare 
Figure 
11 to Figure 
13.) To 
improve 
regulation, 
the values of capacitors 
Cl and C2 are increased. To 
illustrate 
this 
improvement, 
the 
output 
characteristics 
of the circuit 
of 
Figure 
12 were obtained 
when all capacitors 
equal 
20JIF and 40JIF. 
The 
results are shown in Figure 13. 
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HIGH ORDER CASCADE VOLT AGE MULTIPLIERS 


In theory, 
the number 
of sections which can be added to the basic 
cascade circuit 
is unlimited 
as illustrated 
in Figure 
14. 
In practice, 
the 
number 
of sections is limited because the regulation 
becomes progressively 
worse as additional 
sections are added. 
It should be noted 
that both 
even and odd multiple5. of VM can be 


obtained. 
The 
capacitor 
connected 
to 
the 
supply 
charges 
to 
VM. The 
remaining 
capacitors 
on that side of the circuit charge to 2VM. Thus, odd 
multiples of VM from the upper branch and even multiples from the lower 
branch can be obtained with respect to ground. 


II 


Since rectifiers 
are basically diodes with high surge current 
and high 
reverse voltage ratings, they provide more rugged alternatives to small signal 
diodes in many circuits where the latter would ordinarily be used. Rectifiers 
also permit 
certain 
functions 
to be carried out at power levels beyond 
the 
capability 
of their small signal counterparts. 
Some of the most commonly 
used circuits 
are presented 
in this chapter. 
The free-wheeling 
diode is an 
important 
application 
of rectifiers 
and is consequently 
covered in greater 
detail than are the others mentioned. 


FREE-WHEELING 
DIODE CIRCUITS 


The silicon diode can be used quite effectively as a free-wheeling1diode 
to 
:::uppress arcing 
in switches 
and 
relay contacts. 
By suppressing 
arcs, 
switching 
contacts 
will 
have 
longer 
mechanical 
life 
and 
require 
less 
maintenance. 
A free-wheeling diode or some type of voltage clamp is almost 
a necessity for over voltage protection 
of semiconductors 
having an inductive 
load. 
To understand 
the problem 
associated with an inductive load, consider 
the simple switching circuit shown in Figure 
1. The circuit contains 
a relay 
coil of inductance 
L in series with switch S, battery 
Vs, and resistance 
RL 
(which 
represents 
the relay coil resistance). 
With the switch 
closed, 
the 
battery 
applies voltage across the relay causing a magnetic field to develop in 
the coil as the current 
increases. The current in the circuit is given by the 
following equation: 


i = ~~ (l _e-tRL/L) 
r 
Vs -=- 


r----' 
I 
I 
I 
RL 
I 
I 
I 
I 
I Relay 
Coil 
I 
I 
I 
L 
I 
I 
I 
L_ 
_...1 


time constant. 
When the switch is opened, 
the current in the circuit has to decrease to 
zero in the amount 
of time required to open the switch. The voltage across 
the inductor is given by Equation 
2. 


di 
vL = L- 
dt 


The significance of Equation 
2 may be appreciated 
by an example: Assume 


L 
= 0.1 Henry, 


Vs = 10 volts, 


RL = 20 ohms. 


:. The steady state value of current is IOV/2on = 0.5A. 


Assuming 
that 
the switch 
turns 
off in 0.1 J1Sand that during this time 
interval 
the 
current 
linearly 
decreases 
to 
zero, 
the 
maximum 
voltage 
developed across the coil can now be determined. 
di/dt = ~i/~t 
= 0.5/(0.1) 
= 
5V/J1s and from Equation 
2, ~vL = L ~i/~t 
= (0.1)(5)/10-6 
= 500,000 volts. 


The result 
is an arc if S is a mechanical 
contact 
or probably 
a shorted 
element if S is a semiconductor 
switch. It is not possible to predict the time 
for the current 
to decay when arcing occurs since it is dependent 
upon the 


characteristics 
of the arc. However, if a low value resistor (RS) is placed 


across the coil as in Figure 2, arcing will not occur, and the decay time of 
current is given by: 


. 
V 
tR/L 
l=R e- 


where R is the total resistance in the loop, i.e. RS + RL. 
1 
-=-v 
As 


The peak voltage generated is now attenuated 
at the switch contact by 
the ratio Rs/(Rs 
+ Rd. 
When the switch is opened, RS should be small for 
maximum 
attenuation 
of the inductive voltage "kick". 
However, a small 
value causes a large current through RS at switch closure. Use of a rectifier as 
in Figure 3a provides the ideal solution. No power loss results when the 
switch is closed; when it is opened little inductive kick results from the 
circuit because the diode resistance (Rs) is very low. The amount of the 
voltage spike can be traded for decay time by using an additional physical 
resistance RS in series with the diode as shown by Figure 3b. 


Besides serving as part of an attenuation network, RS also reduces di/dt 
by providing a path for the current in the inductor to go when the switch is 
opened. The volti'ge vs across Rs (neglecting the diode drop) can be found 
by taking the derivative of Equation 3 and substituting into Equation 2. The 
result is 


1 
RL l 
D 
RL 


-=-v 
0 
-=-v 


L 
L 
Rs 


The selection 
of the rectifier 
for a given application 
will depend 
primarily on the peak value of the current through the device which is equal 
to 
the steady-state 
current 
through 
the relay coil. For example, if the 
inductive load carries lOA 
at steady state, and operation of the switch is 
such that 
the current 
and voltage decay to zero after 
each switching 
operation, the rectifier selected should have a peak repetitive current rating 
of lOA. 
The peak inverse rating of the device must be greater than the 
supply 
voltage 
plus the 
allowable inductive 
"kick" 
voltage across Rs. 
Another important characteristic is the diodes forward recovery time, since 
Rs is infinite until the diode can tum on. In this respect, the Schottky 
barrier rectifier is unexcelled. 


Figure 4 illustrates 
the relationship 
of vs to the Rs/RL 
ratio and the time 
constant 
of the circuit from Equation 
4. As an additional circuit aid, Figure 
5 shows the time for the current to decay to a given fraction 
of the initial 
coil current, 
as a function 
of the circuit 
time constant. 
It is a plot 
of 
Equation 3. 
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Circuit Requirements 


Time to drop out = 1.0 ms 


Find Rs and VS(peak) 


L 
= 0.1 H 


RL = 20 n 


V 
= 12 V 


I 
= 200 mA for relay dropout 


Solution: 


To use Figure 5, first find 
i 
0.2 
033 
V/RL ==(12)/20 
== . 
. 


Read L/R 
is unity), 


-3 
".R ==RS + RL ==0.1/(0.8)(10 
) ==125 Q, 


To find VS(peak)use Equation 4 at t == O. 


Vs ==Vs (1 + ~~)== 
12 (1 + 120~)== 75 volts. 


VOLTAGE REGULATORS 


Many low-voltage 
applications 
often 
require regulated 
outputs. 
Inex- 
pensive regulator 
circuits 
usually 
employ 
rectifiers 
to obtain 
a regulated 


output. 
In the circuit of Figure 6, a string of rectifiers is used instead of the 
more usual zener diode. In very low voltage applications, 
the rectifier has a 
sharper 
knee than 
a zener diode; 
however, 
its temperature 
coefficient 
is 
higher. 


Un~egulated 
_ 
DC Voltage 
- 
Regulated 
Output 


Figure 
7 - 
Use of a Rectifier 
for Zener 
Temperature 
Compensation 


Standard 
diodes may be used to provide 
a measure of temperature 


compensation 
for zener 
diodes. 
Figure 
7 
illustrates 
the technique. 
For 


higher values of zener voltages, additional rectifier compensating 
diodes must 
be used in series. Table 1 shows the number of diodes required for various 
zener 
voltages 
to 
obtain 
an 
approximate 
zero 
temperature 
coefficient 
reference. 
By varying the current through the string, the overall temperature 
coefficient 
may be adjusted. 
This is possible 
because 
the rectifier 
diode 


temperature 
coefficient 
is a function of the forward current, while the zener 
diode temperature 
coefficient is relatively constant. 


Number 
of 
Diodes 
1 
2 
3 
4 
5 


Approximate 
Zener 
Voltage 
(Volts) 
6.0 
7.5 
9.1 
11.0 
13.0 


Approximate 
value of zener voltage 
which 
may be compensated 
by discrete 
numbers 
of 1N4001 
diodes 
at IF" 
1mA 


WAVEFORM CLIPPERS 


In 
clippillg, 
a portion 
of a wave 
is flattened 
off 
or limited 
to some 
arbitrary 
level, 
irrespective 
of the amplitude 
of the original 
signal. 
Clippers 
may 
be 
convenien 
tly 
classified 
as peak 
clippers, 
base 
clippers, 
or slicers, 
according 
to the way in which 
they operate 
on a wave. 
A peak 
clipper, 
also called 
a peak 
limiter, 
operates 
in such a manner 
as 
to 
prevent 
the 
positive 
(or 
negative) 
amplitude 
of 
the 
wave 
from 
ever 
exceeding 
a value 
set by the clipper. 
A simple 
example 
of such 
a clipper 
is 
illustrated 
in Figure 
8. 
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When 
the 
instantaneous 
value 
of the 
input 
voltage 
wave lies between 
VA 
and 
-VB 
neither 
of 
the 
diodes 
conduct, 
and 
the 
input 
wave 
is 
transmitted 
directly 
to 
the 
output 
terminals 
without 
change. 
On the other 
hand, 
when 
the 
input 
voltage 
is more 
positive 
than 
VA, 
diode 
D 1 will 
conduct 
and 
thus 
prevent 
the 
output 
voltage 
from 
rising 
appreciably 
above 
VA. Similarly, 
when 
the 
input 
voltage 
becomes 
more 
negative 
than 
-VB, 
diode 
D2 will conduct 
and clip the negative 
peaks 
of the output 
voltage 
at a 
level approximating 
-VB. 
For 
the diode 
clippers 
Dl and D2 to be effective, 


the 
series 
resistance 
RS 
must 
be 
considerably 
greater 
than 
the 
forward 
resistance 
of the diodes. 
Circumstances 
sometimes 
arise when 
it is desired 
to reduce 
to zero 
all 
amplitudes 
of a wave that 
are less than 
some 
minimum 
value. 
Base clipping 
of this 
type 
can 
be obtained 
with 
the 
circuits 
illustrated 
in Figure 
9. The 
diode 
is reverse 
biased 
to a voltage 
VC corresponding 
to the 
level of base 
clipping 
desired, 
so that 
no 
output 
current 
flows 
until 
the applied 
voltage 
exceeds 
this value. 


(a) Base Waveform Clipper. A zener diode 
in parallel with a large capacitor 
may be 
used for VC for repetit ive input waves. 


I 
Vc_-_ 
!--I 


lcl Waveforms illustrating 
the 
clipping of a Sine Wave. 


(b) Base Waveform Clipper With Bias supply 
returned 
to ground. 
For good clipping 
action RS must be much larger than RL' 


Clippers may be combined 
in various ways. A particularly 
important 


combination 
is illustrated 
in Figure 10. Here the combination 
of diode D 1, 
resistance 
Rs, 
and bias VA 
serves as a peak 
clipper, 
while diode D2 in 


association 
with 
bias VB simultaneously 
functions 
as a base clipper. The 


result i~ that all input voltages in excess of VA are clipped in such a manner 
as to produce an output 
voltage having a value VA 
- VB, while all values of 


input voltage that are less than VB are reduced 
to zero amplitude 
in the 
output. 
An arrangement 
of this type is termed a slicer, since the output wave 
can be regarded as consisting of a slice of the input waveform. 


In these circuits, 
the diode and battery 
potentials 
may be reversed in 
order to have clipping occur above or below any point on a waveform. 


CLAMPING 
CIRCUITS 
- 
DC RESTORATION 


Many 
asymmetrical 
waveforms 
possess 
a dc component 
which 
remains 
fixed, 
i.e., is not 
a function 
of the waveform. 
When one of these waveforms 
is passed 
through 
a transformer 
or a capacitor, 
the 
dc component 
is not 
transmitted. 
To 
regain 
the 
original 
waveform 
it then 
becomes 
necessary 
to 
reinsert 
a dc component 
of appropriate 
amplitude. 
This process 
is termed 
dc 
restoration; 
it 
is a special 
example 
of 
a more 
general 
process 
known 
as 
clamping, 
in which 
a reference 
level 
is introduced 
that 
has some 
desired 
relationship 
to the wave. 
The 
simplest 
form 
of a clamping 
circuit 
consists 
of a diode 
associated 
with 
a 
resistance-capacitance 
network, 
as illustrated 
in 
Figure 
lla. 
The 
resistance 
R in 
these 
circuits 
is quite 
large, 
and 
the 
time 
constant 
RC is 
considerably 
greater 
than 
the 
time 
of 
one 
cycle 
of the 
applied 
wave. 
If 
circuits 
are used 
that 
insert 
a dc component 
of such amplitude 
and polarity 
that 
the 
negative 
peaks 
of the 
original 
wave 
are at zero 
level, as shown 
in 
Figure 
11a, then 
it is said that 
the negative 
peaks of this wave are clamped 
to 
zero. 
The 
same wave with 
its positive 
peaks clamped 
to zero volts and to +V 
volts is shown 
in parts 
(b) and (c) respectively. 
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The detailed action of the diode clamp of Figure II b can be understood 
by considering 
Figure 
12. If RC is so large that it can be considered 
as 
infinite, 
then 
the diode 
charges 
capacitance 
C to a voltage 
V' that just 
barely 
prevents 
the 
output 
voltage Vo from going positive; thus, V' is the 
reinserted 
dc voltage. However, if RC is high but not infinite, 
then some of 
the charge on the capacitor leaks off during the time interval t3 - 
t2. This 
causes the output 
wave to decay with a time constant 
RC during the time 
interval t3 - t2; however, if RC is very much greater than the time t3 - t2, 
the change LlVo in the amplitude 
of the output 
voltage will be small. At t3 
the voltage at the output 
terminals increases suddenly in amplitude 
by the 
peak-to-peak 
amplitude 
V of 
the 
applied 
wave and 
makes 
the 
output 
voltage go LlVo volts positive at time t3. This causes current to flow into the 
capacitor 
to replace the charge that leaked off during the previous period, as 
shown. The time constant associated with this current flow corresponds 
to C 
being charged through the diode and source resistance. 


The proper 
value for the time constant 
RC is a compromise 
between 
two conflicting 
requirements. 
The larger this time constant, 
the less will be 
the variation 
Ll Vo of the clamping voltage during the cycle, and, hence, the 
smaller will be the positive spike at tl and t3. On the other hand, the larger 
the value RC, the more slowly is the clamping voltage able to adjust itself to 
reductions 
in amplitude of the wave that is to be clamped. 


THE BAKER CLAMP 
When transistors 
are operated 
as a saturated 
switch, a turn-off 
delay 
(called storage time) results from the presence of the stored charge caused by 
the excess base current required 
to drive the transistor 
into saturation. 
One 


method 
of eliminating 
storage time employs 
diodes in a feedback arrange- 
ment as shown in Figure 13. The voltage drop across the diodes is such that 
the collector-base 
diode is not allowed to become forward biased, i.e., the 
transistor is not operated in the saturation region. 


0L.j 


If the diodes 
were not 
in the circuit (diode D2 being shorted), 
the 


circuit 
would 
operate 
as a 
conventional 
saturated 
switch 
or inverter. 


Capacitor CK is present only to improve switching speed, and the base bias 
supply 
consisting 
of VBB and RBB offers de cutoff 
stability 
and slightly 


improves turn-off time by providing reverse base current. The capacitor plays 
no part in the action of the Baker Clamp but its value may be smaller than in 
a saturated 
circuit because it is not needed to clear out the stored charge of 
the transistor. 
In the Baker Clamp, the bias supply draws current through D2 


thereby 
keeping it turned on so that its forward recovery time does not slow 


switching speed. 


When the input pulse is applied to the circuit, the voltage at point A is 


clamped to VBE + VF(D2). As the collector 
current increases, the collector 
voltage approaches 
ground until diode D) conducts 
and clamps the voltage 
to a level VCE = VBE + VF(D2) - VF(D,). 
VCE must be greater than the 


edge of saturation 
of the transistor 
for the circuit to function properly. The 
excess base current 
(i.e., current 
larger than Ic!hFE) 
is directed through D) , 
which must have a fast recovery time if the circuit is to offer any advantage 
over a conventional 
saturated switch. 


Diode D2 may be a standard 
recovery 
silicon or germanium 
diode 


depending 
upon how much drop is required to insure that the transistor does 
not saturate. In some cases, a fast germanium diode or a Schottky 
diode may 
be used for D), and D2 may be eliminated. 
Use of the Schottky 
produces a 
circuit with no storage delay time; however, the higher leakage currents 
of 
Schottky 
diodes must be considered in the dc design of the circuit. 


SCR CIRCUITS 
Rectifiers also provide an excellent means of stabilizing the reverse bias 
on the gate-to-cathode 
of silicon controlled 
rectifiers, as illustrated by Figure 
14. Reverse bias improves silicon controlled 
rectifier characteristics, 
and the 
diode insures that the reverse gate voltage will not exceed the forward drop 
of the diode. 


It is often 
necessary 
to limit 
the reverse voltage impressed 
upon a 
silicon controlled 
rectifier 
to a value less than the ac input voltage. The 
rectifier circuits shown in Figure 15 are designed to accomplish this purpose. 
The diode in Figure 
15a carries the same amount 
of current 
as the silicon 
controlled 
rectifier, 
which may be unacceptable 
in some applications. 
The 
circuit of Figure 15b has approximately 
the same reverse voltage reduction 
properties 
as the circuit 
of Figure 
15a, but the rectifier 
doesn't 
have to 
handle as much current. This shunt diode may be a high-voltage, low-current 
type. The series-diode must handle high current. The circuit of Figure 15b is 
often used in high-reliability systems. 


a) Circu it useable when diode 
conduction 
is permissible 


MEASUREMENT AND INSTRUMENT CIRCUITS 
Rectifiers 
find many useful ap.plications in measurement 
circuits. An 


example is Figure 16, the peak reading voltmeter. 
This circuit may be used 


to measure the peak voltage of any waveform with sufficient pulse repetition 
frequency 
to keep 
the shunt 
capacitor 
charged. 
Schottky 
diodes (or the 
circuit of Figure 17) should be used if the input signal level is low. 


Ro 


Va 
peak 
= -~ 
V1 
peak 


Figure 17 - The forward voltage drop of the rectifier is reduced by the 
open loop voltage gain of the operational 
amplifier 


Figure 
18 shows a dc meter 
protection 
circuit designed 
to limit the 
voltage across the meter to a value not exceeding the forward voltage of the 
diodes. Diode D 1 should be a Schottky 
diode to keep the reverse voltage to a 
few tenths 
of a volt, while diode D2 will have to be a standard rectifier 
to 
avoid introducing 
errors into the measurement 
as a result of diode current. 


Triangular waves are easily converted 
to sinusoids by using the method 
shown 
in. Figure 
19. Sinusoids 
of less than 
I percent 
total 
harmonic 
distortion 
can be obtained if diodes are carefully matched and the value of R 
and the input amplitude are properly chosen. 
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MISCELLANEOUS 
APPLICA nONS 
A diode 
used 
in series with 
power 
supply 
leads of dc equipment 
effectively guards against damage resulting from supply reversal as shown in 
Figure 20. The Schottky 
diode is especially useful in this application because 
of its low forward voltage. 
The rectifier is often an ideal device for use as a nonlinear resistor. An 
example is high level limiting on a telephone receiver as shown in Figure 21. 


DC 
Equipment 


II 
CHAPTER 9: TRANSIENT 
PROTECTION 
OF RECTIFIER 
DIODES 


In order to achieve the high degree of reliability already associated with 
silicon rectifier 
diodes, it is imperative 
to understand 
the meaning 
of the 
ratings and to be aware of a few subtle application 
differences 
with respect 
to selenium and copper-oxide 
devices. 
The ratings 
are based on the absolute 
maximum 
rating system. This 
means 
that 
they 
apply within 
a certain 
defined 
set of operating, 
test, or 
environmental 
conditions, 
and that degradation 
or failure may be caused by 
a combination 
of electrical or environmental 
stresses, anyone 
of which alone 
could not impair the performance 
of the device. These ratings are established 
by extensive 
tests, including 
life-tests conducted 
by the manufacturer, 
and 
are typically 
checked 
during production 
by quality 
control 
sampling. The 
duration 
of the life-test and the required survival rate are determined 
by the 
intended 
application. 
Where reliability 
is a key factor 
for the intended 
application, 
the manufacturer 
should be consulted. The user should be aware 
that there is no safety factor implied above each maximum rating, although 
manufacturers 
generally employ one. 


Silicon 
rectifier 
diodes 
utilize 
mono crystalline 
cells which have an 
effective 
area 
several 
thousand 
times 
smaller 
than 
their 
selenium 
or 
copper-oxide 
counterparts 
with equivalent current ratings. Consequently, 
the 
smaller 
thermal 
mass associated 
with 
silicon devices allows the junction 
temperature 
to rise and to fall very rapidly during a current surge and remain 
undetected 
by an external 
thermocouple. 
If during this event the junction 
temperature 
exceeds 
the maximum 
rated 
value and rated reverse voltage 
appears, 
the device may fail destructively 
(short) 
as a result 
of. thermal 
breakdown. 
Silicon 
diodes, 
however, 
lend 
themselves 
to precise 
rating 
techniques 
so that 
the exact excursion 
of the junction 
temperature 
during 
expected 
overloads can be known and thus held within proper limits through 
circuit design. 


SURGE 
VOLTAGE 
PROTECTION 


Because of the sensitivity of silicon rectifier diodes to voltage transients 
in excess of their ratings, a proper 
circuit design generally 
requires 
some 
built-in means to afford safe operation. 
Therefore, 
it is imperative to discuss 
some of the causes and cures of voltage surges. 


Sources of Transients 


Transient voltages generally are caused by the following: 


I. De-energizing the transformer 
primary. 


2. Energizing the transformer 
primary. 


3. External disturbances 
caused by lightning or motors, solenoids, relay 
circuits, 
etc., which share the same alternating-current 
source with 
the rectifier circuit. 


5. Opening load switch when using an LC filter with high LC ratio. 


6. Regenerative types of load. 


7. Fuse-blowing 
when 
used 
for 
isolating 
defective 
rectifier 
diodes 
which are connected 
in parallel. 


8. Reverse recovery transients of the rectifiers. 


Each causes a different degree of voltage oscillation, e.g., some generate 
up to twice the working peak reverse voltage of the circuit, while others can 
generate as high as eight or ten times this value. Lightening strikes can cause 
particularly 
severe transients on supply lines. A frequently 
overlooked source 
is the transient 
coupled 
from 
the line to the secondary 
of a stepdown 
transformer 
through interwinding 
capacitance when a switch is closed. 
Most of the 
circuit 
developed 
transients 
can be described 
by the 
familiar basic relation, 
v = L di/dt. 
Therefore, 
anything which causes rapid 
switching of a high current is liable to generate a troublesome 
transient. This 
problem 
is explored 
in 
some 
detail 
in 
Chapter 
8 
under 
the 
section 
"Free-Wheeling Diodes." 
Circuit 
designers 
often 
specify 
a rectifier 
voltage 
rating 
without 
estimating 
the extent of the peak reverse voltage transients the rectifier will 
encounter. 
A good example 
is the use of a 200 V rectifier in a half-wave 
power supply circuit having an rms input voltage of 115 V. Superficially, 
there 
seems to be plenty 
of pad in the reverse voltage rating of 200 V. 
However, with a possible high line voltage of 130 V (rms) the peak voltage 
the rectifier 
will see is 182 V. Any inductance 
in the circuit or motors 
nearby could cause an additional voltage spike to be superimposed 
on that of 
the peak sine wave. In fact, it is not uncommon 
to find line voltage spikes on 
the order of 600 to 700 volts originating from a small drill motor. 


Detection of Transients 
The best method 
to use to detect transients 
is to employ a high-speed 
oscilloscope 
having a frequency 
response 
to at least 40 MHz. Peak-reading 
voltmeters 
may also be used with a lesser degree of certainty 
because they 
may not accurately 
record short transients. 
They are most conventient 
for 
the detection 
of ac line transients 
which may occur randomly 
throughout 
the day. 
When using an oscilloscope, 
it is important 
to insure that it does not 
introduce 
errors into the test set-up. Battery operated scopes have a decided 
advantage as they can be floated above ground without introducing 
coupling 
from the line into the circuit. Various conditions of circuit operation 
should 
be checked 
in order to find the worst transients; 
they may not necessarily 
occur under the obvious conditions 
of high input voltage and maximum load 
current. 
Rectifiers 
with the highest available voltage capability 
which meet 
the forward 
current 
rating 
should 
be used in the prototype, 
so that 
the 
rectifiers do not limit the voltage transient. 


Suppression of Voltage Transients 


The best method of suppressing a transient is to go to its source and try 
to change operating 
conditions, 
lead dress, placement 
of components, 
or 


shielding. 
After 
all 
reasonable 
means 
of 
reducing 
transients 
has 
been 
exhausted, 
suitable 
suppression 
circuits 
should 
be 
examined. 
These 
vary 
from 
simple 
RC 
or 
LC 
L-section 
filters 
to 
more 
complex 
circuits 
using 
voltage 
clipping 
devices 
or SCRs 
to remove 
the transient 
or shutdown 
the 
circuit 
should 
an 
overload 
occur. 
The 
basic 
technique 
is 
to 
use 
some 
component 
(capacitor, 
zener 
clipper, 
etc.) 
to absorb 
the 
surge 
across 
the 
system 
and 
another 
component 
(resistor 
or 
inductor), 
in series 
with 
the 
system 
to limit 
the 
surge 
current. 
Laboratory 
tests 
are always 
required 
to 
determine 
the effectiveness 
of the suppression 
techniques. 
Voltage 
transient 
suppressors 
can 
be 
quite 
effective. 
Table 
I 
sum- 
marizes 
the 
various 
types 
and 
gives 
some 
typical 
characteristics 
of each. 


Spark 
gaps 
and 
varistors 
have 
a tremendous 
energy 
absorption 
ability 
but 
allow 
a higher 
overshoot 
voltage 
to occur 
than 
does a zener diode. 
The zener 
is also 
available 
in tightly 
controlled 
voltage 
ranges. 
Following 
are circuits 
which 
show 
methods 
of suppressing 
voltage 
transients 
by using 
filters 
and 
transien t suppressors. 
The 
first 
set of schema tics shown 
in Figure 
I utilizes 
a capacitor 
as an 
integrator 
in a simple 
RC or LC L-section 
filter. 
The line operated 
half-wave 
supply 
shown 
in 
part 
(a) 
uses 
a capacitor 
before 
the 
rectifier 
to 
provide 
transient 
protection. 
In this circuit, 
transient 
voltage 
protection 
is essential 
as the 
line 
impedance 
is low, 
and 
often 
low 
line 
impedance 
is desired 
to 
make 
the 
source 
resistance 
Rs 
small 
for high 
efficiency 
and good 
filtering 
action. 
However, 
Rs 
should 
be large for reliable 
operation; 
when it must 
be 
small, 
a 
series 
inductance 
is 
recommended 
to 
help 
limit 
and 
absorb 
transien ts. 
Transformers 
introduce 
other 
complicating 
factors. 
Filters 
are 
shown 
on both 
sides 
of the 
transformer 
in Figures 
Ib and 
Ic, but 
in many 
cases 
protection 
is satisfactory 
if used 
on only 
one side. In the case of a step-up 
transformer, 
primary 
side protection 
has an advantage 
in that 
the transient 
is 
not 
stepped-up 
by 
the 
transformer; 
however, 
secondary 
side 
protection 
permits 
the leakage 
inductance 
and the resistance 
of the secondary 
to be the 
current 
limiting 
elements 
of 
the 
filter. 
Step-down 
transformers 
generally 
require 
secondary 
filtering 
to 
suppress 
the 
transient 
fed 
through 
the 
interwinding 
capacitance 
when 
a switch 
is closed 
to apply 
the input 
voltage. 
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Peak 
Peak 
Effective 
Commercial 


Power 
Energy 
Clamping 
Per Device 
Peak Idle 
Transient 
1 ms 
1 ms 
Ratio At 
Voltage Range 
Current 
Weight 
Volume 
Suppressor 
(kW) 
{joules) 
10 A 
(V) 
(mA) 
(grams) 
(cm3) 


Spark gap 
2.55 


(5/16 in 00) 
100 
100 
(100 V//ls) 
90-10kV 
- 
1_5 
0.6 


Varistors 
Metal 
Oxide 
Type 


(1 in 00) 
160 
160 
2.0 
16 - 
1,400 
1 
5 
8.0 


Selenium 
Stacks 


(1 in sq) 
9 
9 
2.3 
35 - 700 
12 
35 
20 


Zener. 
6-cell cluster 


(1.5 in sq) 
7.7 
7.7 
1.50 
10 - 
300 
0.05 
30 
24.5 


Zener. 
si n91e 


(00-13 
case) 
1.65 
1.65 
1.65 
1.8 - 300 
0.005 
1.5 
0.5 


Adapted 
from: 
1. D. Hurnden 
Jr., et aI, "Metal-Oxide 
Varistor: 
A New Way to Suppress 
Transients", 


ELECTRONICS, 
October 
9,1972, 
PP 91 - 95. 


If the input 
line has transien ts of a long time duration, 
one of the 
transient 
suppressor 
devices is required; it may be substituted 
for the filter 
capacitors 
in the circuits of Figure 1. Figure 2 illustrates examples of using 
zener diode surge suppressors in two representative 
applications. 


Figure 2 - 
Examples of Transient Suppression Using Zener Diodes as the Energy Absorbing Element 
Other Active Surge Suppressor Devices Could Be Used As Well 


Figure 3 shows two clever types of circuits using diodes and polarized 
capacitors to clip the voltage spike. In operation, 
the capacitor charges to the 
peak of the input waveform; any spikes are clipped by the diode. In part (a), 
the polarized 
capacitor 
is placed 
across the output 
terminals 
of a bridge 
rectification 
system. Note the safety precaution 
of putting a resistor across 
the capacitor 
to serve as a bleeder resistor to discharge the capacitor 
when 
the circuit is not in use. The circuit of part (b) operates similarly except that 
two capacitors 
are required 
instead of one, and the number of rectifiers is 
decreased from four to two. Also, since there is a separate capacitor for both 
the positive and negative spikes, a value of capacitor one half as large may be 
used with equal effectiveness. 
The voltage rating of the clipper diode need 
only exceed twice the peak of the input supply·voltage. Since the diodes clip 
while 
operating 
in 
the 
forward 
direction, 
large surge 
currents 
may 
be 
handled. 


From 
ac 


Supply 


To 
Rectifier 
Circuit 


From 
ac 


Supply 
, 


To 
Rectifier 
Circuit 


Figure 4 shows various 
techniques 
which may be required 
in tough 
situations 
to protect 
a rectifier 
diode. The circuits employ the techniques 
previously discussed, i.e., part (a) uses a capacitor; part (b), a surge suppressor; 
part (c), a dynamic clipper. Part (d) uses only one zener diode and a small 
resistor. 
The 
idea 
is to 
allow 
the zener 
to conduct 
on an over-voltage 
transient, 
but 
the resistor 
prevents 
any significant 
forward 
current 
flow 
through the zener diode. 


Over-voltage 
protection 
by 
means 
of 
a crowbar 
circuit 
is shown 
in 
Figure 
5. As the 
input 
voltage 
increases 
in a positive 
direction, 
the 
zener 
voltage 
threshold 
is reached 
causing 
the 
zener 
to conduct 
current 
which 
causes 
a voltage 
drop 
across 
R3 that 
turns 
SCRI 
on. Resistor 
Rl 
is small so 
that 
a large 
surge current 
is developed 
as the SCR shorts 
or crowbars 
causing 
the circuit 
breaker 
to open. 
SCR2 and its associated 
components 
comprise 
a 
protection 
circuit 
for negative 
over-voltage. 


Circuit 
Breaker 
~ 
0-----0 


To 
Rectifier 
Circuit 


As 
previously 
mentioned, 
high 
current 
surges 
cause 
heating 
of 
the 
semiconductor 
die. If reverse 
voltage 
is applied 
while the rectifier 
junction 
is 
above 
its 
rated 
temperature 
limit, 
a 
short 
may 
result 
from 
thermal 
breakdown. 
Furthermore, 
even 
when 
little 
or no reverse 
voltage 
is present, 
excessive 
temperature 
can weaken 
the bond 
of the die to its package 
causing 
thermal 
resistance 
to increase, 
thus resulting 
in a regenerative 
process 
leading 
to destruction. 
In some 
cases, 
excessive 
current 
may 
cause the lead material 
between 
the rectifier 
terminal 
and the die to fuse. 


The 
type 
and 
extent 
of protection 
needed 
will be determined 
by the 
circuit 
characteristics 
and 
performance 
required. 
Circuit 
characteristics 
are 
roughly 
divided 
in to two main 
types, 
the ex tremes 
of which 
would 
be: 


1. Circuits 
with current 
limiting 
impedance 


2. Circuits 
without 
current 
limiting 
impedance. 


These 
types 
are 
further 
divided 
according 
to 
circuit 
performance 
requirements 
as to whether 
ornot 
service may be interrupted 
upon 
failure 
of 
a diode. 
Since 
all circuits 
contain 
a certain 
amount 
of impedance, 
how 
a given 
circuit 
is to be classified 
will depend 
on both 
circuit 
impedance 
and rectifier 
diode 
ratings. 
In general, 
a circuit 
is classified 
as Type 
1 if 
the 
circuit 
impedance 
will keep 
fault 
currents 
below 
the single-cycle 
surge current 
rating 
of the rectifier 
diodes 
(IF 8M) and as Type 
2 if the circuit 
impedance 
allows 
fault 
currents 
to 
go 
over 
the 
diode 
surge 
rating. 
Type 
1 circuits 
may 
be 
protected 
with fuses or circuit 
breakers. 
These 
should 
open 
at currents 
below 
the 
surge 
current 
ratings 
of 
the 
rectifier 
diodes. 
Type 
2 
circuits, 
low 
impedances, 
are 
desirable 
from 
the 
standpoint 
of efficiency 
but 
must 
be 
protected 
by special 
fast-acting 
protective 
elements. 


Causes and Detection of Current Surges 


Current surges in rectifier circuits can result from the following factors: 


I. Capacitor in-rush 


2. Direct current overload 


3. Direct curren t short 


4. Failure of a single rectifier diode. 


Capacitor in-rush is easy to observe and calculate and is discussed in Chapter 
6; the other problems require some heroism in order to observe conditions. 
Similar precautions 
regarding the oscilloscope are needed as when detecting 


voltage transients. 
Simulation 
of the fault often may be accomplished 
by 
using an SCR as a crowbar; the scope may be triggered by the same signal 
which fires the SCR. 


Fusing Considerations 
Basic operation 
of a fuse is as follows: When a current 
larger than 
normal is applied to a fuse, it starts to heat up significantly as temperature 
is 
proportional 
to the square 
of current. 
If this current continues 
for a long 


enough period of time, the fusible element or link reaches its melting point. 
As the link melts, voltage builds up across the fusible material which causes 
arcing. Arcing continues 
until enough of the link has melted 
so that 
the 


applied 
voltage can no longer jump 
the gap. At this time 
current 
flow 
through 
the fuse stops. This basic operation 
is shown in Figure 6. The solid 
line shows the actual fault current due to the limiting action of the fuse and 
circuit impedance. 
The dashed line shows the available fault current which 
would flow without 
the fuse. As shown, melting of the fuse occurs at point 
A. Depending on fuse design and the circuit, the current may rise to a peak 
let-through 
current 
as shown 
at 
point 
B and 
then 
decay 
through 
the 
impedance 
of the arcing fuse to zero at point C. The time from point B to 
point C is the arcing time of the fuse. The melting time and the arcing time 
together 
make up the total clearing time of the fuse. Clearing time is often 


called blowing time. 
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Three 
basic 
types 
of 
fuses 
are 
available: 
normal-or 
medium-acting, 
fast-acting, 
and slow-acting 
(often 
referred 
to as "SI0-810"). 
The 
difference 
between 
the 
fast-acting 
and 
the normal-acting 
is a slightly 
differen 
t ma terial 
is used 
for the link (this 
is the part of the fuse that melts) 
that 
results 
in the 
fast-acting 
fuse having a smaller 
thermal 
inertia. 
Similarly, 
the "SI0-810" 
fuse 
has a larger 
thermal 
inertia 
than 
the 
normal-acting 
fuse which 
results 
from 
use of a low temperature 
melting 
point 
alloy and a heat sink. Figure 
7 shows 
the general 
blowing 
time 
relationship 
for the three 
types at various 
overload 
conditions. 
Note 
the large blowing 
time required 
for the "Slo-81o" 
compared 
to 
the 
other 
two. 
It is because 
of this 
difference 
that 
only 
medium- 
and 
preferably 
fast-acting 
fuses 
are 
used 
to 
protect 
rectifiers. 
The 
fast-acting 
fuses 
are sometimes 
called 
current-limiting 
fuses because 
of their 
fast blow 
times, 
although 
all f~ses could 
be regarded 
as curren t limiters. 
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Figure 7 - Chart Showing the Relation of 
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Rated Current to Blowing Time for Typical 
Fuses 


The 
best 
type 
of fuse 
in the 
fast-acting 
category 
is the silver-sand 
or 
semiconductor 
fuse. 
In this 
fuse 
as the 
link (usually 
made 
of silver) 
melts, 
the 
arcing 
developed 
across 
the 
fusible 
material 
caused 
by 
the 
voltage 
is 
quenched 
by sand 
crystals 
placed 
around 
the silver link. The sand effectively 
lengthens 
the arc path. 
The particular 
size of the sand crystals 
is selected 
on 
the basis of the voltage 
and current 
ratings 
of the fuse. 


Fuses 
are sensitive 
to changes 
in current 
and temperature 
- not voltage. 
A fuse 
may 
be used 
at any voltage 
up to its maximum 
rating 
without 
any 
influence 
on the fuse's 
performance. 
Only after 
the wire melting 
temperature 
is reached 
and arcing occurs 
in the circuit, 
are voltage 
and available 
power 
an 
influence 
on the 
fuse 
performance. 
It has been 
shown( 
1) that 
the 
clearing 
time 
I2t 
(the 
effective 
energy 
that 
the 
fuse will let through) 
decreases 
as a 
fuse 
is used 
below 
its rated 
voltage. 
Figure 
8 shows 
the 
effect 
changes 
in 
ambient 
temperature 
have on the ratings 
and blowing 
time. 
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There 
are 
two 
common 
ways 
to 
approach 
the 
problem 
of 
fuse 
protection. 
One way is to compare 
the fuse and rectifier 
on the basis of surge 
current, 
i.e., compare 
peak let-through 
current 
and rectifier 
surge current 
for 
a given fault 
curreht. 
Another 
way is to base the analysis 
on thermal 
energy, 


I2t. 
It has been 
shown(2) 
that 
essentially 
equivalent 
heating 
occurs 
in a fuse 
and 
in a rectifier 
for 
a unit 
of I2 t where 
tpe I2 t of the 
fuse is based 
on a 
triangular 
waveform 
and 
the 
I2 t of 
the 
rectifier 
is based 
on 
a sinusoid 
waveform. 
Based 
on this second 
approach, 
the following 
steps can be used as 
a guide for fuse selection: 


I. 
Select 
a fuse 
with 
a current 
rating 
stamped 
on it which 
is slightly 
higher 
than 
the current 
flowing 
through 
the rectifier 
under 
normal 
conditions. 


2. Check 
the voltage 
rating 
on the 
fuse to insure 
that 
it is equal 
to or 
greater 
than 
the maximum 
circuit 
voltage. 


3. 
Estimate 
or measure 
the 
available 
fault 
current. 
Since 
it is circuit 
dependent, 
it 
can 
be 
found 
analytically 
by 
dividing 
the 
source 
voltage 
bv 
the 
system 
impedance 
with 
the 
fault 
placed 
in 
the 
system. 


4. 
Enter 
the 
fuse tables 
with 
this information 
and 
find 
the worst-case 
peak 
let-through 
current, 
JpLT, 
and 
the total 
clearing 
time 
I2 t for 
the 
selected 
fuse. 
A word 
of caution: 
fuse 
ratings 
are 
somewhat 
dependent 
upon 
mounting 
hardware. 
If a non-standard 
mounting 
is 
used, 
consult 
the fuse manufacturer 
to see if there 
is any change 
in 
the fuse ratings. 


5. Using the latter two parameters and assuming a triangular model for 
fuse current, 
find the total clearing time by using the formula:(3,4) 


6. Obtain 
rectifier 
data 
required 
for this comparison 
(a plot of I? t 
versus pulse base width). If surge current 
ratings, IFSM, have been 
given instead, I2t can be calculated using the formula: 


The rectifier 
subcycle 
I2t ratings versus pulse base width will plot 
linearly on log-log paper. 


7. Compare: 
With time as the independent 
variable, and knowing the 
I2t for both the fuse and rectifier, it is now possible to determine if 
the rectifier is actually protected. 


8. Put the fuse in the circuit, short the load or simulate the fault and 
see if the rectifier is protected. 
Surge current should be examined on 
an oscilloscope. 


Example: 
Given ISO A fuse to protect an MR 1205FL 
Fault current = 3000 Amperes 
I2t = 27,000 A2s from I to 8.3 ms. 


For the 3000 A fault current, 
the total clearing I2t and peak let-through 
current are found from Figures 9 and 10 to be 9500 A2s and 2000 A. Using 
Equation 
I the clearing time is found as follows: 


(3) (9500) _ 
(2000)2 
- 7.1 ms. 


Thus 
the fuse will blow before the rectifier at a peak fault current of 2000 
A. If the I2t of the rectifier had not been given, it could have been found 
using the IFSM rating. 
IFSM@ I cycle for the MRI205FL 
is 3600 A. Using Equation 
2, 


I2t = (3600)2 
2 
8.3 ms = 54 X 103 A2s. 


This value is twice 
the value of 27 X 103 given on the data sheet, thus 
showing that I2t decreases by a factor of 2 going from a pulse width of 8.3 
ms to I ms, a not unusual situation. 
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When circuit requirements 
are such that service is not to be interrupted 
in case of failure of a rectifier diode, the general approach is to use a number 
of diodes in parallel, 
each with its own fuse. Additional 
fuses or circuit 
breakers are used in the alternating-current 
line and in series with the load 
for 
protection 
against 
direct-current 
load 
faults. 
Fuse values should 
be 
coordinated 
so that 
a diode 
fuse will open in the event of diode failure 
before the line, the load fuses, or circuit breakers open. In the event of load 
faults, line or load elements should open before any of the diode fuses open. 
Such a system is illustrated in Figure II. 
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II 
CHAPTER 
10: THERMAL 
CONSIDERATIONS 
AND COOLING TECHNIQUES 


Current 
ratings 
of rectifiers 
are inseparably 
linked 
to their 
thermal 
environment. 
Except 
for lead-mounted 
parts used at low currents, 
a heat 
exchanger 
is required 
in order to prevent 
the junction 
temperature 
from 
exceeding its rated limit, thereby running the risk of a high failure rate. Field 
failures 
of rectifiers 
are most 
often 
traceable 
to faulty 
thermal 
design. 
Failure 
rate 
of 
silicon 
rectifiers 
decreases 
approximately 
an 
order 
of 
magnitude for every 40°C decrease in junction 
temperature. 
It 
is the 
purpose 
of this chapter 
to provide 
sufficient 
background 
information 
such that the designer can obtain a satisfactory 
and appropriate 
thermal 
design 
in 
equipment. 
Design 
charts 
and 
discussions 
of 
basic 
principles are presented. 
Basically, 
there 
are three 
methods 
by which heat 
is transfered: 
(I) 
conductioI1 
(heat 
travels 
through 
a material), 
(2) 
convection 
(heat 
is 
transferred 
by 
physical 
motion 
of a fluid), 
and 
(3) 
radiation 
(heat 
is 
transferred 
by electromagnetic 
wave propagation). 
Semiconductors 
depend 
on conduction 
as a means 
of transferring 
heat from the junction 
to the 
external surface of the package and from the package to the heat exchanger, 
commonly 
called a heat 
sink. The package 
is cooled by convection 
and 
radiation. 
Both components 
are comparable in a still air ambient at sea level. 


Convection 
dominates 
when forced air or liquid cooling is used; radiation 
dominates 
in applications 
where semiconductors 
are used in a vacuum or at 
high altitudes. 


THERMAL RESISTANCE CONCEPTS 


The basic equation for heat transfer is generally written as 


q = hA~t 


where: q 
= rate of heat transfer or power dissipation (PD), 


h 
= heat transfer coefficient or thermal l¢msmittance 
per unit area, 


A = area involved in heat transfer, 


~t = temperature 
difference between regions of heat transfer. 


Electrical 
engineers 
find 
it is easier 
to 
work 
in terms 
of thermal 
resistance 
defined 
as the ratio of temperature 
to power. From Equation 
I 
thermal resistance, 
RO is: 


The 
coefficient 
h depends 
upon 
the heat 
transfer 
mechanism 
used and 
various factors involved in that particular mechanism. The coefficient h may 
be thought 
of as thermal 
conductivity, 
regardless 
of the 
heat 
transfer 
mechanism. 
When designing cooling fins, it is simpler to use h rather than Re 
because 
cooling 
due to convection 
and radiation 
may be handled 
as two 
thermal paths in parallel. 


An analogy between Equation 
2, and Ohm's Law is often made to form 
models of heat flow. Note that ~t could be thought of as a voltage, thermal 
resistance corresponds 
to electrical resistance (R), and power (q) is analogous 
to current 
(1). This gives rise to a basic thermal 
resistance 
model 
for a 
semiconductor 
as indicated by Figure I. * 
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Figure 1 - 
Basic Thermal 
Resistance Model Showing 
Thermal 
to Electrical 
Analogy 
For a Semiconductor 


The equivalent electrical circuit may be analyzed by Kirchoffs 
Law ana 
the following equation results: 


where: 
ROlA = total thermal resistance junction 
to ambient 
(ROlC 
+ Rocs 
+ 
ROSA) 


ROlC = semiconductor 
them1al resistance Uunction to case), 


ROCS= interface thermal resistance (case to heat sink), 


ROSA= heat sink thermal resistance (heat sink to ambient). 


The 
thermal 
characteristics 
of the semiconductor 
are described 
in 
Chapter 
2 and will not be further 
discussed here. The interface 
thermal 


resistance 
resulting 
from imperfect 
mating surfaces and use of insulators 


may 
be 
appreciable 
in high 
current 
applications. 
Factors 
involved 
in 


minimizing 
Re CS are discussed in the next section. The remainder 
of this 
chapter is devoted to ROSA. It is assumed that the design problem has been 
reduced 
to one where the total" power dissipation 
of the rectifier and the 
required 
case temperature 
limit is known. 
Knowing 
the upper ambient 
temperature 
permits Equation 
3 to be solved for the limit of Rocs + ROSA 
which is the case to ambient thermal resistance.RecA' With rectifiers having 
significant 
reverse 
power 
losses. junction-to-ambient 
thermal 
resistance 
must be considered 
early in the design phase as shown in Chapter 2; how- 


ever, the problem of providing a suitable case to ambient thermal resistance 
still exists. 


*For 
lead-mounted 
rectifiers, 
most 
of the heat 
leaves 
the junction 
via the 
leads. 
The 


situation 
is analogous 
to that 
of the case-mounted 
counterpart, 
except 
the 
reference 
point 
is the lead instead 
of the case and the thermal 
resistance 
of the package 
from case- 


to-ambient 
may be significant. 
Lead-mounted 
parts are discussed 
in Chapter 
2. 


INTERFACE 
THERMAL RESISTANCE 


When using stud-mounted, 
base-mounted, 
or press-fit rectifiers, 
atten- 
tion must be given to the interface thermal resistance (Rocs ) between the 
rectifier and its heat sink. Proper mounting procedures must be followed to 
reduce Rocs 
to its lowest practical levels. The procedures include preparing 
the mating surfaces, applying thermal compound, 
and adhering to proper 
fastening techniques. 


Table 
I shows 
appropriate 
values 
to use in various 
situations. 
It 
assumes 
that 
the 
parts 
are mounted 
properly 
in accordance 
with 
the 
instructions 
which follow and that the heat sink used has a reasonably flat, 
non-coated 
surface. 


Pickage 
TVpe & Data 
Interf.c. 
Thermal Resistance 
IOCIW} 


AI/erage 
With 
Insulator 
Motorola 
JEDEC 
Heat 
Input 
R.commended 
Torque 
Met,I-To-Metai 
Motorola 


COl' # 
Outline # Oesaiption 
R.dius (in.) 
Hol. 
and Crill 
Size 
In-lb 
D,y 
Lubed 
D,y 
Lubed 
Type 
Kit # 


56 
00-4 
10-32 Stud 
0.17 
0.18S", 
#12 
15 
0.41 
0.41 
1.24 
1.06 
3 mil Mica' 
MH74S 
7/16" 
Hal( 


58 
00-5 
1/4-28 Stud 
0.22 
0.25", 
#1 
30 
0.38 
0.20 
0.89 
0.70 
5 mil Mice- 
MH746 
11/16" 
Hex 


43 
00-21 
Pr ••.• ·fit 
0.5 
5 •• Te",t 
0.15 
0.1 
- 
- 
- 


1.45 
0.8 
3 mil 
Teflon- 
MK10 


TO-3 
Diamond 
0.5 
0.25". 
#1 
0.2 
0.' 
0.8 
0.4 
2 mil Mica" 
MK15 
1,3,4 
0.4 
0.35 
Annodized 
MK20 


Aluminum 


Preparation 
of Mounting Surface 
In general, surface flatness of machines or milled parts is satisfactory 
if 
they appear flat against a straight edge and are free from deep scratches. 
Castings or extrusions 
generally require 
spot-facing 
to insure flatness and 
finish. It is also necessary that the surface be free from all foreign material, 
film, and oxide (freshly bared aluminium 
forms an oxide layer in a few 
seconds). Unless used immediately 
after machining, 
it is a good practice to 
polish the mounting 
area with No. 000 steel wool, followed by an acetone 
or alcohol rinse. Thermal grease should be immediately 
applied. 
Many 
aluminum 
heat 
sinks 
are 
black 
anodized 
for 
appearance, 
durability, 
performance 
and economy; 
however, anodizing is an electrical 
and thermal 
insulator 
which offers resistance to heat flow and, therefore, 
should 
be removed 
from the mounting 
area. Another 
treated 
aluminum 
finish is irridite, or chromate 
acid dip, which offers low resistances because 
of its thin surface. But, for optimum 
performance, 
it must be cleaned of 
oils and films that collect in the manufacture 
and storage of the sinks. For 
economy, 
paint is sometimes used for sinks; removal of the paint where the 
semiconductor 
is attached 
is mandatory 
because of the paint's high thermal 
resistance. 
Anodize and some epoxy paints can be used for surface finish when it 
is necessary to electrically 
isolate the semiconductor 
case from the heat 
sink. This technique generally yields more consistant results than the use of 
insulators. 


Thermal Compounds 
To optimize 
contacts, 
thennal 
joint 
compounds 
are used to fill air 
voids between 
mating 
surfaces. 
Values of thermal 
resistivity 
vary from 
O.IO°C inches per watt for copper film to I200°C inches per watt for air, 
whereas a satisfactory 
joint 
compound 
will have a resistivity 
of approxi- 
mately 
60°C 
inches 
per 
watt. 
Therefore, 
the 
voids, 
scratches, 
and 
imperfections 
which are filled with a joint compound, 
will have a thermal 
resistance of about I/20th of the original value. 
Joint compounds 
are a formulation 
of fine zinc particles in a silicone 
oil which maintains 
a grease-like consistency 
with time and temperature. 


The compounds 
should be applied in a very thin layer, applying a coating 
with 
a spatula 
or lintless 
brush, 
and 
wiping lightly 
to remove 
excess 
material. 
Alternately, 
a predetermined 
minimal 
amount 
may be placed 
around 
the center 
of the contact 
area; then in mounting, 
rotation 
and 
pressure 
will force 
the 
compound 
over the contact 
area. Some cyclic 
rotation 
of the package will help the compound 
spread evenly over the 
entire 
contact 
area. 
Experience 
will indicate 
whether 
the 
quantity 
is 
sufficient, 
as excess will appear 
around 
the edges of the contact 
area. 
Excess compound 
may be wiped away using a cloth wetted with acetone or 
alcohol. 


Recommended 
Joint Compounds are: 
1. Astrodyne 
- Conductive Compound-829 
2. Dow-Corning - Silicone Heat Sink Compound-340 
3. Emerson & Cuming, Inc. - Eccotherm, 
TC-4 
4. George Risk Industries - Thermal Transfer Compound-XLSOO 
S. General Electric - Insulgrease - G640, G64l 
6. IERC - Thermate 
7. Thermalloy 
- Thermacote 
8. Wakefield - Thermal Compound Type 120 


Fastening Techniques 
When attaching stud-mount 
rectifiers, 
the hole for the stud should be 
only slightly larger than the stud and be without 
chamfer, i.e., the sides 
should be straight from top to bottom. 
No burrs should exist and the hole 
should not be threaded; a nut should be used to fasten the assembly. 
Wherever possible, there should be n<1--insulation between 
the diode 
and the heat 
sink. All mating 
surfaces 
should 
be ccated 
with 
thermo- 
conductive 
grease because it fills the small areas of no contact. 
All grease 
should 
be kept 
away from 
the threaded 
portion 
of the diode 
because 
lubricated 
threads cause inconsistency 
in torquing requirements_ The device 
should be tightened 
with a torque 
wrench 
close to its maximum 
torque 
rating. 
Care must 
be taken 
because low torque 
will cause the Roes 
to 
increase greatly while excessive torque will destroy the device. 


Press-fit rectifiers 
should 
be mounted 
according 
to the procedures 
outlined in the inset on the next page. 
The use of aluminum heat sinks adds an additional problem: galvanic 
action may occur between rectifier and sink, if the assembly is placed in a 
corrosive 
atmosphere. 
To 
counteract 
this 
undesired 
action, 
Motorola 
rectifiers 
are normally 
nickel- 
or tin-plated. 
Consequently, 
precautions 
must be taken not to mar the finish. 


Shoulder 
Ring -............ 
0.11 -w·_' ..~,., 


NOM 
~ 
I 
0.24 ~ 
~--~-:~a-X-4~-~k-'?f2x- 
T 
--l 
r-0449 
± 0.001 
Dia 


The 
hole 
edge 
must 
be chamfered 
as shown 
to 
prevent 
shearing 
off 
the knurled 
edge of the 
rectifier 
during 
press-in. 
The 
pressing 
force 
should 
be applied 
evenly 
on 
the 
shoulder 
ring 
to avoid 
tilting 
or canting 
of the 
rectifier 
case in the 
hole during 
the 
press·in operation. 
Also, 


the 
use of a thermal 
joint 
compound 
will 
be of considerable 
aid. 
The 
pressing force 
will 
vary 
from 
250 to 1000 
pounds, 
depending 
upon the 
heat 
sink material. 
Recommended 
hardnesses 
afe: 
copper 
- 
less than 
50 
on the 
Rockwell 
F scale; aluminum 
~ 
less than 
65 on the 
Brinell 
scale. 
A 
heat 
sink 
as thin 
as 
1/8" 
may 
be 
used, 
but 
the 
interface 
thermal 
resistance 
will 
increase 
in 
proportion 
to 
the 
reduction 
of 
contact 
area. 
A thin 
chassis requires 
the addition 
of a back -u p plate. 


HEAT TRANSFER 
PRINCIPLES 
The thermal 
resistance 
of the heat exchanger, 
or "heat sink" as it is 


commonly 
called, is an important 
part of the thermal design for stud or 
base-mounted 
rectifiers. 
Heat sinks may transfer 
heat to the ambient by 
natural 
convection 
and radiation, 
or forced air or liquid cooling may be 


employed. 
Conduction 
losses in the heat 
sink are also a factor 
in its 
performance. 
As a rough 
approximation 
for silicon junction 
rectifiers, 
handling power levels over 100 watts is more economical in terms of space 
and cost if forced air is used; levels over 2000 watts generally require liquid 
cooling. 
Schottky 
rectifiers, 
because 
of their 
lower maximum 
junction 


temperature 
limit, will require forced air or liquid cooling at lower power 
levels than those indicated. 
In terms of thermal resistance, values as low as 


10C/W can be achieved with large volume free convection heat sinks. Use of 
air flow can produce values as low as O.OSoC/W,while use of liquid cooling 
can closely approxima te the "infinite 
heat sink". 


In this section 
factors of importance 
in natural 
convection 
cooling, 
forced air cooling, and liquid cooling will be discussed. The intent 
is to 


acquaint 
the electrical engineer with the principles involved, not to provide 
a course on heat transfer. Reference 2 is an excellent point to begin further 
study; it has an extensive list of references. 


Conduction 


Conduction 
is a process of heat transfer in which heat energy is passed 


from one atom to the next, while the actual atoms involved in the transfer 
remain 
in their 
original positions. 
The thermal 
resistance 
which may be 


attribu ted 
to 
conduction, 
RO(cond), is 
determined 
by 
the 
following 


equation: 


RO(cond)= X/keA 


where: RO(cond)= thermal resistance in °C/watt, 


X 
= length of thermal path in inches, 


ke 
= thermal conductivity 
in Wt -in2, 


A 
= the 
area 
perpendicular 
to 
the 
thermal 
path 
in square 


inches. 
(heat transfer coefficient, 
h is ke/X). 
Heat 
moves 
from 
the 
semiconductor 
to 
the 
heat 
exchanger 
by 
conduction; 
heat 
removal 
by convection 
and 
radiation 
from 
the 
semi- 


conductor 
package is normally insignificant 
by comparison. 
If an insulating 


washer is used, conduction 
losses through 
the washer must be considered. 


The value of RO(eond) 
may be found 
by using the data 
of Table 2 in 
Equation 
4. Conduction 
also plays a role in the operation 
of the heat sink, 


because the heat sink material 
offers resistance 
resulting 
in a temperature 


drop from the semiconductor 
contact 
area to the edge of the plate or fins. 
Clever heat 
sink design minimizes 
conduction 
losses. In large area plates, 


unless thick material is used, conduction 
losses are significant and playa 
key 


part in determining 
a design in which the volume of the heat sink material is 


minimized. 


Conductivity 


Materials 
W/oC-in2 


Silver 
10.70 


Copper 
9.75 


Gold 
7.86 


Beryllia, 
99.5% 
pure 
6.20 


Aluminum, 
pure 
5.75 


Aluminum. 
685. 
5.34 


Beryllia.95% 
4.13 


Magnesium. 
4.16 


Aluminum 
6061-T6 
4.13 


Red brass 
2.92 


Yellow 
brass. 
2.51 


Beryllium 
copper 
2.19 


Pure iron. 
1.99 


Phosphor 
bronze 
1.36 


Soft 
steel 
1.23 


Monel 
0.94 


Lead 
0.87 


Hard Steel 
0.58 


Tharmal 
Compounds. 
0.018 


Mica. 
0.015 


Mylar 
Film. 
0.0042 


Air 
0.00083 


Natural Convection 


Convection 
is a term applied 
to the transfer 
of heat by the physical 
motion 
of a fluid, such as air or water. In natural convection, 
the air moves 
because of differences in density caused by temperature 
differences in the air 
below and above the fins. The following equation 
applies for the natural 


convection of vertical plates suspended in free air at ground level: (I )(2) 


( 
TS - TA)1/4 
he = 2.21 X 10- 3 
L 
(5) 


where: he = the convection heat transfer coefficient in watts/in2 
_0 C, 


L = the height of the heat sink in inches, 


Ts = the surface temperature 
of the heat sink in °C, 


T A = the ambient temperature 
in 0c. 


10-6 


Figure 2 is a plot of Equation 
5. Note that he is directly related to the 
difference 
in temperature 
between the plate and the ambient, with the result 
that 
the thermal 
resistance 
of a heat sink improves as the power applied 
increases. The constant 
is a function 
of air density, temperature 
of ambient 
air in contact 
with the plate, and orientation 
and shape of the heat sink. The 
value of 2.21 x 10- 3 applies for standard 
pressure and temperature 
at sea 
level for rectangular 
plates suspended 
freely in still air. For other conditions 
the "constant" 
must be altered. 
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Air density 
is a significant factor in convection 
cooling. Since density 
varies with altitude, 
a correction 
factor is indicated on Figure 3. Note that a 
10% loss in effectiveness 
occurs at about 5000 feet. In space, convection 
is 
zero. Values for he must be multiplied by the number obtained 
from Figure 
3 to obtain the proper value. 
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correction 
lactor 
t'c lor recTangUlar, CIrCUlar, ana 
cYllnaflCal surraces 
111 
either a horizontal 
or vertical position. For horizontal mounting, 
the sum of 
the convection thermal transmittance 
from the top and bottom 
surfaces must 
be found. 
When 
both 
surfaces 
are exposed 
to 
air, the overall thermal 
resistance is about 25% higher than would be the case of a vertical plate of 
the same significant dimension 
L. For an enclosed chassis, the contribution 


of the bottom 
surface of the upper plate is neglegible. 


Significant 
Dimension 
L 
Correction 
Factor Fc 


Surface 
Position 
L 
Position 
Fc 


vertical 
height-( 
max 2 ft) 
Vertical 
Plane 
1.0 


Rectangular 
Plane 
Horizontal 
Plane 
horizontal 
length x width 
facing 
downward 
0.45 
length + width 
facing 
upward 
0.9 


Circular 
Plane 
vertical 
1T 
/ 
I x diameter 


horizontal 
diameter 
horizontal 
0.82 
Cylinder 
vertical 
height-(max 
2 hi 
vertical 
0.9 


Table 3 - 
Significant 
Dimension L and Correction 
Factor Fc for 
Convection 
Thermal Resistance 


As an example of the use of the data, the convection thermal resistance 


of a 4/f 
x 6/f 
plate will be found (total surface area = 4 x 6 x 2 x = 48in2). 
Assume 
the surface 
temperature 
is 120°C and the ambient 
is 60°C. For 
mounting 
with the 4/f 
side in a vertical plane (the most efficient mounting) 


read 
he 
= 4.4 
x 10-3 
W/in2 
- 
°C from 
Figure 
2. Using Equation 
4, 


Ro(eonv) = 1/(4.4)(10-3)(48) 
= 4.74°C/W. If the plate were mounted 
with 
the 6" side in a vertical plane, he = 4 
X 10-3 
W/in2 
- °C resulting in a 10% 


increase in Ro(eonv). 
For 
horizontal 
mounting, 
a new value 
of 
L must 
be found 
from 
the relations 
in Table 
3. Dimension 
L calculates 
to be 2.4" resulting 
in 
hc = 5 x 10-3 
W/in2 
- °c at TS-TA 
= 60°. The area of each side is 24 in2. 


Using the correction 
factors given in Table 3, he 
(top) 
= (0.9) (5) 10- 3 = 
4.5 
X 
10- 3. The contribution 
of the bottom 
surface, if it is exposed, 
is 
0.45 (5) 10- 3 = 2.25 x 10-- 3 W/in2 
- 
0c. The total value of Re(conv) 
= 
1/(4.5 + 2.25) (10-3) 
(24) = 6.15°C/W. Thus the horizontal 
mounting result 
is about 30% worse than the most favorable vertical position. 


Forced Convection 
In forced convection a fluid is moved by or through the heat sink by an 


external 
source of power. 
Because the fluid flow rate may be quite high, 
forced convection 
is capable of reducing the heat sink thermal resistance to 


extremely low values. 


Forced air convection produces a drastic reduction 
in thermal resistance 


of any heat sink as compared 
to natural 
convection 
due to a "scouring" 


effect 
upon 
the insulating 
boundary 
layer of dead air at the fin surface. 


However, there is little correlation 
between 
natural and forced convection 


*Considerable 
differences 
in values 
exist 
in the literature. 
Values selected 
are the ones 


which seem to be generally 
borne 
out in practice. 


performance. 
Natural 
convection 
cooling is primarily 
dependent 
upon 
the 
volume and material of the heat sink while forced convection cooling can be 
related 
to the air flow, fin spacing, and the degree of coupling 
to the air 


stream. 


The heat transfer coefficient 
for the case of turbulent 
air flow parallel 
to a plate may be expressed as 


hf = 6.63 x 10-3 (V3/L)Y. 
(6) 


where: hf = the forced convection heat transfer coefficient in watts/in2 
_oC, 


V = the free stream velocity in linear feet per minute, 


L = length of the plate in inches. 


The constant 
is affected 
by air density 
and temperature. 
The value 


given is based upon operation 
at sea level at an average air temperature 
over 


the heat exchanger 
of 60°C. As a design aid, values have been calculated 
from Equation 
6 and are plotted 
in Figure 4. Note that a short dimension in 
the flow direction 
increases the coefficient 
significantly. The curves stop at 
points where the flow is becoming 
laminar and, consequently, 
Equation 
6 
does not apply. In the laminar region, hf is higher than an extrapolation 
of 
the curves would indicate. 
Equation 
6 should not be used for plates with L 
less than 4", as the flow is laminar when it first encounters 
the plate. Short 


plates do not permit development 
of turbulent 
flow. 
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As an example, the forced convection 
thermal resistance will be found 


for the 4" x 6" plate (surface area. = 48"2) used in the previous example. 
Assume that the 4" side is parallel to the flow direction and the air flow rate 
is 2000 LFM. Reading from Figure 4, hf ~ 1.4 W/in2 _oC. :.Re = 1/(1.4) 
(48) = O.OISoC/W. This value is about 300 times better than that obtained 
with natural convection; 
however, improvements 
this large are not achieved 
in practice because of material thermal resistance losses. 
Water or liquid cooling is similar in principle to that of forced air. The 
heat transfer 
coefficient 
is related to velocity 
in a manner 
similar to that 
described by Equation 
6. Normally, the liquid cooled system is purchased as 


a unit and its characteristics 
are provided by the manufacturer. 


Radiation 
The third process by which heat may be transferred 
is radiation. 
The 
ability of a body 
to radiate thermal energy at any particular 
wavelength is 


determined 
by the body temperature 
and surface characteristics. 
An ideal 


radiator 
is called a blackbody, 
which by definition 
radiates the maximum 


amount 
of energy at any wavelength. 
The ratio of energy emitted 
by any 
surface 
to 
that 
of a blackbody 
at 
the 
same 
temperature 
is called the 
emissivity €. 


Incident 
radiation 
on a surface is partially absorbed, 
reflected, 
and in 


some cases, transmitted 
through the surface. However materials used for heat 


sinks are opaque and do not transmit 
radiation. 
The ability of a surface to 
absorb the total incident radiation 
on it is defined by the term absorptivity 


a. As with the emissivity, the absorptivity 
of a surface is dependent 
upon the 


source temperature 
(i.e., wavelength of incident 
radiation) and the receiving 


body surface characteristics. 


Many materials exhibit the property 
of having a = € when the absorber 


and 
the 
emitter 
are at temperatures 
within 
50 


0e 
of each other. 
These 


materials are called grey bodies and emissivity values for some common cases 
are listed in Table 4. 


Surface 
Emissivity 


Aluminum, 
Anodized 
0.7 - 0.9 


Alodine 
on Aluminum 
0.15 


Aluminum, 
Polished 
0.05 


Copper, Polished 
0.07 


Copper, Oxidized 
0.70 


Rolled Sheet Steel 
0.66 


Air Drying Enamel (any color) 
0.85 - 0.91 


Oil Paints (any color) 
0.92 - 0.96 


Varnish 
0.89 - 0.93 


Table 4 
Typical Emissivities of Common Surfaces at 25"C 


The 
basic 
equation 
for 
the 
thermal 
transmittance 
or heat 
transfer 
coefficient 
when 
radiation 
is taking 
place 
between 
two 
grey bodies 
is 
generally given as: 


hr =3.68x 
lO-3€[C~~)4 
- c~~tJ 
(Ts -TA) 
(7) 


where: hr 
= radiation heat transfer coefficient in W/in2-oe, 


€ 
= emissivity, 


Ts = surface temperature 
in oX, 


TA = ambient temperature 
in OK. 


As with convection, 
the thermal resistance is inversely proportional 
to 


area. Since temperature 
affects the results in a complex manner, Equation 
7 
is plotted 
on 
Figure 
5, in terms 
of °e. Observe 
the 
strong 
effect 
of 
temperature 
upon thermal resistance, As with convection, 
a similar problem 
with temperature 
drop occurs in large area plates due to resistance losses, 


whereby the extremities of the heat sink are not as effective as the center. 
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If radiation is obstructed 
by nearby objects, the "constant" 
in Equation 
7 will need to be modified by a factor (Fr) smaller than unity. If the object 
is at 
the 
same 
temperature 
as the fin, an adjustment 
can be made 
by 
considering the geometry 
of the radiation pattern. 
It is generally satisfactory 
to consider an unobstructed 
fin's radiation as originating at the center of the 


fin 
and 
being 
spherical 
(hemispherical 
on 
each 
side 
of 
the 
fin). 
An 
obstruction 
will interrupt 
radiation, 
or subtract 
a sector from the sphere. Fr 
is approximately 
the ratio of the solid angle remaining 
in the obstructed 


sphere to the solid angle (41T steradians) of the complete sphere. 
The 
fin 
should 
be 
shielded 
from 
bodies 
of 
higher 
temperature. 
Otherwise, the fin will be heated by radiation instead of being cooled. 
Equation 
7 also assumes that the radiating body is smali compared 
to 


the 
enclosing 
body. 
Other 
configurations 
require 
a modification 
of the 


emissivity 
value. For the case of two large parallel plates or for the case 


where 
the 
enclosed 
body 
is large compared 
to the enclosing 
body, 
the 


effective emissivity €f is given by: 


I 
€f = I 
I 
(8) 
-+--1 
€! 
€2 
where €! and €2 are the emissivities of the two surfaces. Other situations 
require an in-depth analysis of the problem. (3) 
As an example of the use of the data for radiation 
thermal resistance, 


RO(rad) for the 4" x 6" plate previously used will be found. From Figure 5, 
at TA = 60°C and Ts = 120°C, hr = 0.7 x 10-2 W/in2 _DC. If the plate were 
painted (preferably 
black), € ~ 0.9, and RO(rad) = 1/(0.9)(0.7)(10-2)(48) 
= 


3.3°C/W. This value is less than the convection 
value because of the high 


emissivity and high surface temperature 
allowed. 
Surface emissivity is unimportant 
when forced air or liquid cooling is 


used, as the effect of radiation is negligible. However, for natural convection 
cooling, radiation 
plays a significant roll and surfaces having high emissivity 


should be used. As Table 4 shows, polished surfaces should be avoided and 
anodized 
aluminum 
and painted surfaces are preferable. 
The surface finish, 
however, should not be present 
at the interface of the semiconductor 
and 
the heat 
sink. (See previous 
section 
- 
"Interface 
Thermal 
Resistance"). 


Tests(7) 
on natural convection 
heat sinks which are made commercially 
re- 
veal a decrease in total thermal resistance of approximately 
25% at high am- 


bient 
temperatures 
when a dull black finish is used as opposed to a bright 
mill finish. 
Fin Efficiency 


Because of resistance 
losses in the fin material, 
both conduction 
and 
radiation 
cooling efficiencies 
decrease with distance 
from the heat source. 
Fin efficiency 
is defined as the ratio of total heat dissipated by a cooling fin 
of a particular 
material 
to that dissipated 
by an identically 
shaped fin of 
infinitely 
conducting 
material 
under 
the 
same conditions. 
Knowing 
the 
efficiency, 
(1]), the fin dissipation, (q), may be calculated from 


where: A 
= fin surface area, 


ht 
= the total heat transfer coefficient, 


Ts = the temperature 
of the heat sink at the heat source, 


TA = the temperature 
of the ambient. 


Similarly the fin thermal resistance 
ROSA is 
I 
ROSA 
= 1]Aht 
(10) 


If fins are made 
of relatively 
thick 
highly 
conductive 
material, 
fin 
efficiency is close to 100% and the total fin thermal conductance 
is the sum 
of the convection and radiation components. 
At the other extreme, if the fin 
is quite thin, the fin extremities 
are ineffective 
because of high resistance 
losses. Both 
extremes 
are wasteful 
of material 
and costly 
but the latter 
extreme is encountered 
when a chassis or other structure is used as a cooling 
fin for semiconductors. 
The range between 
these extremes is rather narrow. 
Evidently, 
the only work directly pertinent 
to semiconductor 
cooling 
fins was performed 
by Werner Luft(l,4,5) 
a number 
of years ago. The 
information 
presented in this section is based upon this work. 


To make 
the 
analysis 
more 
manageable, 
it was performed 
using a 
circular fin, and heat transfer by means of convection and radiation from the 
fin edge was neglected. The more commonly used geometries are handled by 
converting 
their 
dimension 
to an equivalent 
radius using the formulas 
in 
Table 5. The fin thickness (S) is generally a negligible factor in the equivalent 
radius. 
ruroQt. 
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A factor 
to 
consider 
in fin efficiency 
is the 
heat input 
radius, 
ri. 


Figure 
6 shows how it is found 
for the popular 
stud and diamond 
base 
packages. It is essentially 
the average value of the dimensions 
of the heat 
input source. Values are included in Table I. 
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By analyzing 
the temperature 
drop and heat dissipated 
by a volume 
element in an annular ring, a parameter is discovered which is a characteristic 
of the material and the heat transfer coefficient. 
This parameter, 
which plays 
an important 
role in fin efficiency, 
is called the "natural 
radius" 
of the fin 
(R) and is given by 


R == Vke S/2ht 


where: ke 
== the thermal conductivity 
of the fin material, 


S 
== fin thickness, 


ht 
== total heat transfer coefficient of the fin. 


For convenience 
in problem solving, Equation 
II is plotted 
in Figure 7 for 
63S aluminum 
plates of standard 
thicknesses. 
Since the product 
ke S is a 
constant for anyone 
of the curves of Figure 7, the data may be used for heat 
sinks of other material by considering the thermal conductivity 
data of Table 
2. For example, 
since copper 
has almost 
twice 
the conductivity 
of 63S 
aluminum, 
a copper 
plate of 1/32" has the same relationship 
of ht to S as 
does a 1/16" aluminum plate. 
Further 
analysis yields the equations necessary to plot Figure 8 and the 
fact that an optimum 
fin design is achieved when the fin efficiency is 50%. 
An optimum 
fin is taken as one which has minimum volume and therefore 
minimum 
material 
which generally results in minimum 
cost. For the opti- 
mum fin, the outer radius is approximately 
equal to the natural radius (when 
the fin outer radius is large compared to the heat input radius). 
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Figure 
7 - 
Effect of Fin Thickness and Heat Transfer Coefficient 
Upon 
The Natural 
Radius of Type 63 S Aluminum 
Fins 
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To illustrate the use of the data, the efficiency of the 4" x 6" plate used 
in the 
previous 
examples 
will be discussed. 
Assume 
a DO-5 package 
is 
attached, 
which has an effective heat input radius close to 0.22 inches. The 
effective 
outer 
radius ro from Table 5 is y24/rr 
(neglecting S) or 2.78". :. 
ro/rj = 12.6. For an optimum 
fin (77 = 50%) R/ro "'" 12.6 from Figure 8. :. R 
= 2.78" The fin thickness is determined 
from Equation 
II or Figure 7. From 
the previous two examples, ht = (0.63 + 0.44) 
10-2 = 0.0 I07. Therefore, 
S 
may be less than 
1/32" for an aluminum 
fin. Overall thermal resistance is 


found from Equation 
10 and is 3.9 °C/W for this example. 
An improvement 
in fin efficiency 
or a reduction 
in size for a desired 
thermal 
resistance 
can be achieved 
by increasing 
the radius 
of the heat 
source. In practice, 
this can be achieved by brazing copper material to the 
heat sink. Suppose that 2 inch diameter 
discs are brazed to each side of the 


plate in the above example 
and that 
the thermal 
resistance of the discs is 


negligible. Now ro/ri = 2.78 and R/ri = 2.78 also. From Figure 8, the fin ef- 
ficiency is increased to 80%. The advantage of a large semiconductor 
pack- 
age over a smaller one is thus also apparent. 


The 
material 
in 
this 
section 
provides 
general 
practical 
information 
necessary 
to 
effiCiently 
select 
and 
use 
heat 
sinks 
in free 
and 
forced 
convection. 
In most cases, a commercial 
heat sink will be used. Its most 
important 
characteristics 
are specified by the manufacturer; 
by using the 
basic 
principles 
of heat 
transfer 
discussed 
in the 
previous 
section, 
the 
behavior 
of heat 
sinks under 
a variety 
of conditions 
may be predicted. 
Furthermore, 
the 
data 
for Figures 
3 through 
8 may be used 
to design 
single-fin heat sinks and to obtain the thermal resistance of a metal chassis. 


Free Convection Cooling 


Heat sinks are available in an endless assortment 
of sizes, shapes, colors, 


and materials; the manufacturer 
should be contacted 
for exact design data. It 
is convenient 
for 
discussion 
purposes 
to 
group 
heat 
sinks into 
three 
categories: 


I. Flat vertical-finned 
types. Normally 
aluminum 
extrusions 
with or 
without 
an anodized 
black finish, they are unexcelled 
for natural 
convection 
cooling 
and 
provide 
reasonable 
thermal 
resistance 
at 
moderate air-flow rates for forced convection. 


2. Cylindrical 
or radial vertical-finned 
types. Normally cast aluminum 
with an anodized black finish, they are used when maximum cooling 
in minimum lateral displacement 
is required. 


3. Cylindrical horizontal-finned 
types. Normally fabricated 
from sheet- 
metal 
rings with 
a painted 
black 
matte 
finish, 
they 
are used in 
confined spaces for maximum 
cooling in minimum vertical displace- 
ment but are less efficient than the other two types. 


Tests(6)(7) 
conducted 
indicate, 
that in well designed heat sinks, the 


thermal 
resistance 
can be related 
fairly well to the surface area and the 
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Figure 9 - 
Relation of Surface Area to Thermal Resistancefor Numerous Commercial 
Aluminum 
Heat Sinks asCompared to an Aluminum 
Plate 
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Figure 10 - 
Relation of Volume to Thermal Resistancefor Numerous Aluminum 
Heat Sinks as Compared to an Aluminum 
Plate 


volume 
of the heat 
sink is illustrated 
by Figures 
9 and 
10. The data of most 


interest 
is for heat 
sinks of categories 
I and 2; the category 
3 types 
do not fit 


into 
a pattern 
and 
are 
of little 
interest 
for 
power 
rectifiers. 
A heat 
sink 
typical 
of those 
in category 
I is the Thermaloy 
6500 
series. Its steady 
state 
characteristics 
are 
shown 
in Figure 
II. 
The 
slope 
of the 
curve 
varies 
from 
3°C/W 
at low power 
levels to about 
2°C/W 
at high levels. The improvement 


in 
thermal 
resistance 
is due 
to the 
convection 
and 
radiation 
components 
becoming 
more effective 
as temperature 
increases. 
The transient 
characteristics 


are 
shown 
in 
Figure 
12. 
Note 
that 
the 
temperature 
below 
2 minutes 
is 
proportional 
to the square 
root 
of time - a characteristic 
of one dimensional 


heat 
flow. 
The 
time 
to reach 
eq uilibrium 
is dependent 
upon 
the mass of the 
heat sink and requires 
about 
20 minutes. 
Note 
that at times less than 
thermal 


eq uilibrium, 
the 
effective 
thermal 
resistance 
can 
be quite 
low. 
Therefore, 


patience 
is required 
when 
evaluating 
the overall 
thermal 
behavior 
of a system. 
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The 
placement 
of the semiconductor 
on the 
heat 
sink 
is important 
in 
order 
to 
achieve 
lowest 
overall 
thermal 
resistance. 
Figure 
13 shows 
the 
optimum 
positions. 
Tests(8) 
indicated 
case temperatures 
were within 
1°C of 
each 
other 
at these 
positions 
when 
operated 
at the same 
power 
level. When 
two semiconductors 
are used on a common 
sink, the total 
thermal 
resistance 
is reduced 
about 
30%; a slight additional 
improvement 
occurs 
when 
three 
are 
used. 
It 
is generally 
more 
economical 
to 
use 
one 
heat 
sink 
with 
several 
properly 
placed 
transistors 
than 
to 
use 
individual 
heat 
sinks. 
Cooling 
efficiency 
increases 
and the unit cost decreases 
under 
such conditions. 
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Figure 13 - 
Proper Rectfier Placement. 
Located in this fashion, each semiconductor 
will operate at 
the same case temperature 
and maximize the heat sink performance. 
In free convection, 
mounting 
must be vertical as shown (from October 1966 "ELECTRONIC 
PRODUCTS"). 


Forced 
Air Cooling 


A 
natural 
reaction, 
when 
a designer 
finds 
that 
a semiconductor 
is 
running 
too 
hot 
when 
mounted 
to 
the 
largest 
heat 
sink permissible 
in the 
system, 
is to add a fan or blower 
to the 
system. 
Although 
results 
may seem 
satisfactory, 
a more 
compact 
and 
less expensive 
cooling 
system 
generally 
results 
if a heat 
exchanger 
designed 
for use 
with 
forced 
air is used. 
Fan 
reliability 
is now quite 
acceptable; 
furthermore, 
total 
system 
reliability 
may 
be 
enhanced 
because 
of 
lower 
temperatures 
of 
the 
components. 
As 
an 
example 
of the improvement 
in ReSA 
due to forced 
air, Figure 
14 illustrates 
performance, 
The 
asymptotic 
behavior 
at high flow rates 
is typical 
of forced 
air cooling 
and indicates 
that 
the heat 
sink is becoming 
conduction 
limited. 


When 
forced 
air cooling 
is employed, 
an interlock 
is generally 
necessary 
to prevent 
catastrophic 
system 
failure 
in the event 
of a blower 
malfunction. 
The 
use 
of 
an 
air-switch, 
comprised 
of 
a moving 
vane 
in 
the 
air 
flow 
mechanically 
coupled 
to 
a 
microswitch, 
can 
be 
used 
to 
interlock 
the 
electrical 
system. 
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Air Flow - The basic now rate equation is 


LiT = 1.76 PD IV A, 


where LiT = the change in air temperature 
in C, 


PD = the power dissipation in watts, 


V = air velocity in linear feet per minute (LFM), 


A = area of duct or chamber in square feet. 


For example, if a flow rate of 500 LFM is required in a one square foot duct 
and the power 
to be dissipated 
is 1000 watts, 
the air temperature 
will 
increase by 3.S°C. The product 
VA is the volume of air flow required in 
cubic feet per minute (CFM). 


Most efficient 
use of a given air flow will be achieved by locating 
components 
demanding 
minimum 
temperature 
rise (for example, semicon- 
ductors) 
closer to the inlet end of the cooling column and locating those 


elements 
for which maximum 
temperature 
rise is permitted 
(for example 
power resistors) at the exhaust end. 


Determination 
of the required air flow must also take into account the 
location 
of the airmover (fan or blower). 
If the airmover is located at the 
intake, its own heat loss must be added to the power which the system is 
required 
to dissipate. 
In this location, 
however, 
the ambient 
temperature 
which 
the blower 
experiences 
will be relatively 
low. At the exhaust, 
the 
airmover operates 
in a higher ambient temperature 
but its own power loss 
does not raise the ambient 
air of the assembly and is, therefore, 
generally 
preferable. 


Pressure Drop - An important 
aspect of forced air cooling is that of pressure 


drop. There is always a frictional resistance to fluid flow which is a function 
of geometry, 
velocity, 
and properties 
of the fluid. The resistance causes a 
back pressure, often called pressure drop, LiP. 
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drop. 
Airmovers deliver a decreasing amount 
of airflow as the resistance to 
flow or pressure rise increases. Maximum 
flow occurs at zero pressure rise 
and vice versa. Thus, for an airmoving system, a unique operational 
point is 
determined 
by 
the 
combination 
of 
the 
pressure 
drop 
and 
flow 
rate 
characteristics 
of the airmover and the heat exchanger as illustrated in Figure 
IS. 


Figure 15"""System Operating Point. The Operational Point of a Cooling System of Given Geometry 
and a Given Fan Occurs at the Intersection 
of the System's Pressure Drop vs. Air Flow, and of the 
Fan's Pressure Rise vs. Air Flow. 


Except for long straight ducts and certain bends and transition 
pieces, 
pressure drop is difficult 
or impossible to calculate. It is generally simpler to 
mount 
any type of airmover in the system and measure the resulting flow 
and pressure. Even if only one point is obtained, 
a system characteristic 
or 
impedance 
curve 
may 
be 
derived 
by 
assuming 
the 
impedance 
curve is 
quadratic. 
Knowing the CFM required, the resulting pressure is read from the 
impedance 
graph 
and 
an airmover 
meeting 
these 
requirements 
may be 
selected. 
Note that an increase in flow from 50 to 100 CFM on the curve would 
increase the pressure requirements 
from 
1.0 inch to 4.0 inches, which is a 
large increase. At a certain point, if more air is required, the designer is well 
advised to open air passages in the system so that the impedance is lowered, 
rather than increasing the pressure capabilities of the airmover. 


For a given flow rate, and fixed volume, any change in geometry 
that 


increases the heat transfer will increase pressure drop causing the operational 
point on Figure 15 to move to the left. Therefore, 
for every system-and-fan 
combination, 
there is an optimum 
fin geometry. 
If volume is critical, it is 
best 
to 
select 
a cooler-fan 
combination 
from 
a manufacturer. 
Often, 


semiconductor 
manufacturers 
offer 
rectifier-heat 
sink assemblies designed 
for forced air service such as the MRA363 shown in Figure 16. 


Figure 16 - 
A 650 Ampere 
Rectifier 
for 3-Phase Service Having Integral 
Heat Sink 
Designed for 
Forced Air Systems. 


Fan Laws 
1. Speed: 
The following 
fan laws express 
the manner 
in which the 
various quantities, 
in any fix~d system, vary with speed of the air moving 
devices: 


a) CFM varies directly with rpm, 
b) SP (static pressure) vanes as the square of the rpm, 
c) HP (horsepower) 
varies as the cube of the rpm. 


Note that if the impeller speed is doubled, 
the CFM is doubled, 
the 
static pressure is multiplied 
by 4 and the horsepower 
required is multiplied 
by 8. 


2. Density: The performance 
rating of any impeller acting at a constant 
speed in a fixed system will be altered 
by a change in air density 
in the 
following manner: 


a) CFM remains constant, 
b) SP varies directly with air density. 


Density is as important 
as velocity in forced convection 
cooling. Since 
density 
decreases 
with 
altitude, 
an airmover 
which 
has just 
sufficient 


capacity 
at sea level is inadequate 
at 50,000 
feet. In order to provide an 
airmover which will function 
efficiently 
at all altitudes, 
special slip motors 


are 
available 
which 
operate 
at 
higher 
speeds 
as the 
load 
decreases. 


Consequently, 
the motor 
maintains 
a constant 
mass flow rate in terms of 
pounds per minute, in spite of the changes in density caused by altitude. 


Liquid Cooling 
For very high current 
requirements. 
liquid cooling is required. 


Heat 'exchanger 
manufacturers' 
catalogs 
should 
be 
consulted 
for 
selections 
of suitable 
systems. 
The general 
principles 
outlined 
under 
air 
cooling 
also apply 
for liquid 
cooling. 
That 
is, Equation 
12 applies, 
the 
pressure drop- 
flow rate relationship 
is quadratic, 
and the fan laws also 


apply. Typical performance 
of a liquid cooled dissipator 
is shown in Figure 
17. 
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The following 
test circuits 
are presented 
to aid the rectifier 
user in 
testing, 
comparing, 
and troubleshooting 
rectifier 
circuits. The test circuits 
used by Motorola 
to establish rectifier ratings and characteristics 
conform to 
NEMA-EIA standards 
as defined in NEMA-EIA Publication 
RS-282 * from 
which 
the 
material 
in 
this 
chapter 
is adapted. 
Although 
automated 
equipment 
is used at Motorola, 
the same basic techniques 
may be applied 
with any equipment. 


When testing 
rectifiers 
against specifications, 
it is essential 
that 
the 
meaning of ratings and characteristics 
be well understood. 
"Characteristics" 
are rectifier 
parameters 
which 
are measured 
under 
specified 
conditions. 
Characteristics 
are given as typical data or as maximum 
or minimum limits. 
"Ratings" 
define maximum 
limits not to be exceeded if long life and high 
reliability 
are 
expected. 
Ratings 
are 
not 
measured 
directly, 
but 
are 
established by the judgment 
of the manufacturer. 


The following 
tests are performed 
by manufacturers 
to assure com- 
pliance 
to 
electrical 
specifications. 
It 
is suggested 
that 
these 
tests 
be 
employed by users for incoming inspection and evaluation. 


Direct-current 
(Static) Reverse and Forward Characteristics 


Reverse characteristic 
tests are made by applying a direct voltage in the 
reverse direction 
to a diode and measuring the flow of the reverse current. 


Forward 
characteristic 
tests are made by passing a given value of direct 
current 
in the forward 
direction 
and measuring 
the forward voltage drop. 
Unless 
otherwise 
specified, 
direct-current 
measurements 
are 
taken 
after 
thermal 
equilibrium 
is reached 
because 
of the temperature 
sensitivity 
of 
characteristics. 
If any significant power is dissipated, 
an adequate 
heat sink 
must be employed to keep the case temperature 
at the specified value. 
Schematic 
diagrams of direct-current 
test circuits are shown in Figures 
I and 2. The supply voltage for reverse current 
tests should have a current 
limit, or an external 
resistor should be placed in series with the supply, to 
hold 
fault 
current 
to a safe value. To prevent 
the forward 
current 
from 
drifting because of changes in forward voltage as the rectifier heats, the drop 
across R in Figure 2 should be at least one volt. 


The source of direct current 
for forward 
characteristic 
testing is not 
considered 
important 
providing 
the ripple is less than 5 percent. 
In testing 
the reverse characteristics, 
the ripple of the voltage source should not exceed 
I percent, 
and particular 
care must be taken to prevent voltage transients 
from exceeding the voltage rating of the diode. 


*The information 
on symbols, 
thermal 
resistance, 
and reverse recovery 
time is taken 
from 
EIA approved 
material 
to be included 
in a forthcoming 
revision 
of RS-282 


Diode 
Under 
Test 


(al Semiconductor 
Rectifier Diode or 
Half-wave Rectifier Stack 
(bl One Rectifier Circuit Element of a Single-phase 
Bridge. An unavoidable parallel path exists through 
the remaining rectifier circuit elements. 


Device 
Under 
Test 


(bl One Rectifier Circuit Element 
of a Single-phase Bridge 


Alternating-current 
(Dynamic) Reverse and Forward Characteristics 


These tests are performed 
with the semiconductor 
rectifier components 
connected 
in 
the 
appropriate 
test 
circuit 
and 
energized 
with 
60-cycle 
alternating 
current. 
Unless otherwise 
specified, alternating-current 
measure- 
ments should' be taken after thermal equilibrium 
is reached. Measurements 


may require 
the use of an attached 
heat sink as discussed in the previous 
section. Schematic diagrams of alternating-current 
test circuits are shown in 
Figures 3,4 and 5. The alternating voltage source should be sinusoidal with a 
total harmonic distortion 
not exceeding 7 percent of the fundamental. 


Figure 3 - Alternating-current 
(Dynamic) Reverse Current Tests_ The test alternating voltage should 
be increased gradually until the required test value is reached. 


NOTE: 
Since the transformer 
im- 
pedance drop will be meas- 
ured 
by 
the 
voltmeter 
in 
the circuits of (c) and (dl. 
the transformer 
impedance 
should be specified. 
Diode 
Under 
Test 
I,.oad 


Balance 
Diode 


Ie) Three-phase Bridge. Each phase of a polyphase 
assembly may be tested as a single-diode. 


Figure 4 - Alternating-current 
(Dynamic) Forward Voltage Tests. The test as voltage should be 
increased gradually until the required test current is reached. 


D, 
Diode 
Under 
Test 


M, 
'AlAVI 0 
or 


tRAM 
V 
H 


TEST 
NOTES: 


1. The test alternating 
voltage should be increased gradually until the required test value is 
reached. 


2. The voltage drop across R and meter M 1 should 
not exceed 
1 percent of the reverse 
voltage across the device under test. 


3. Meter M, is calibrated 
to read peak reverse voltage. 


4. The average reverse current 
of diode 0, 
should be added to the reading of meter M, to 
obtain the average reverse current of the diode under test. 


In the circuit shown in Figure 5, a rectified sine wave is applied to the 


diode and the reverse current as a function of applied voltage is displayed on 
an oscilloscope. This method 
is particularly 
useful for examining the reverse 
current 
characteristics 
for 
hysteresis, 
irregularities, 
or 
instability. 
The 
full-cycle average reverse current 
may be measured 
with an ammeter. 
The 


rectifier 
component 
of known 
reverse current 
CDI) 
should have a reverse 
current 
that is low compared 
to the reverse current of the diode under test, 
since the reverse current of DI subtracts directly from the reverse current as 
indicated 
on 
the 
ammeter. 
The current 
of DI 
should 
be added 
to the 


indicated 
ammeter 
reading for an accurate measurement 
of average reverse 
current. 


The forward voltage is determined 
by measuring 
the average or peak 
diode voltage when the diode is delivering a given value of direct current. 
The alternating-current 
supply should have the proper impedance 
such that 
the peak to average current ratio through the semiconductor 
rectifier diode 
is between 
3.0 and 3.5 in order to simulate resistive load conditions. 
This 
waveform 
requirement 
is generally 
assured by using a series resistance 
or 
inductance 
which has a voltage drop at least four times the indicated diode 


voltage drop. 


Pulse (Instantaneous) 
Reverse and Forward Characteristics 


Pulse tests are normally 
used for measuring 
isothermal 
instantaneous 


volt-ampere 
characteristics 
of diodes in order to obtain characteristics 
under 


conditions 
of negligible internal heating or measure forward characteristics 
at 


current levels that would damage the diode if maintained 
continuously. 
Test 


currents 
can be obtained 
by applying a single half-wave from a 60-cycle 
source to the semiconductor 
through a suitable switching device. In order to 


obtain narrower test pulses with less heating and better control of amplitude, 
a half-sine 'wave may be generated by discharging a capacitor through a series 
inductor 
with a suitable 
switching 
device. Suitable 
indicating 
devices for 


measuring 
current 
and voltage values are oscilloscopes, 
oscillographs, 
and 
transient 
peak 
voltmeters. 
The 
pulses 
may 
be 
applied 
singularly 
or 


repetitively, 
providing 
the repetition 
rate is low enough to limit heating to 
safe values. 


Reverse and Forward Characteristics 
Under Load 


The basic half-wave 
test circuit 
shown 
in Figure 6 may be used to 
conduct 
load tests for the purpose 
of evaluating 
the quality 
of semicon- 


ductor rectifier components. 
Suitable precautions 
should be taken to assure 
that proper case temperature 
or ambient temperature 
conditions 
have been 
established and thermal equilibrium 
attained 
prior to taking meter readings. 


Diode 
Under 
Test 


IFI,AVI 


or 
IFM 


Reverse 
Current 
Bypass 
Diode 
D2 


I A(AVI 


or 
lAM 


Forward 
Current 
Bypass 
Diode 


TEST 
NOTES: 


1. 
Circuits must be devised so that meter M, is not subjected to the reverse half cycle. 
2. 
For average readings, meters M2 and M3 should be permanent 
magnet moving-coil-type 
direct-current 
instruments. 


3. 
Diode 0, may be a low-current 
low-voltage 
type. 
4. 
Diode 02 must handle the forward 
current 
of the diode under test but its reverse characteristic 
is unimportant. 


Criteria for acceptable load tests circuits are as follows: 


1. Power sources should have sinusoidal waveform. 


2. The rated peak value of reverse voltage should be reached during the 


reverse half cycle. 


3. In no case should the forward conduction 
angle be greater than 180 
degrees nor less than 130 degrees. Since the forward power loss may 
be significantly 
greater with the 130 degree conduction 
angle, the 


manufacturer 
should be consulted for specific recommendations. 


in Figure 7 may be used. The circuit reduces the overall power requirements, 
yet 
subjects 
the 
rectifier 
under 
test 
to 
essentially 
the 
same 
operating 


conditions as Figure 6. 
The 
circuit 
shown 
in Figure 
7 utilizes 
two power 
supplies: 
a high 


voltage 
low current 
supply 
for 
evaluating 
reverse 
characteristics, 
and a 
low-voltage high-current 
supply for evaluating forward characteristics. 
These 


supplies are switched by means of a synchronous 
switch (normally diodes are 


used) at alternate 
half cycles of the supply frequency 
and are phased to 


switch as the forward current or reverse voltage passes through zero. 


Surge Curren t 


Surge current tests may be performed using the load test circuits shown 


in Figures 6 and 7 with proper provisions for increasing the forward current 
for a specified period of time. 


PRECAUTIONS: 


,. 
Meter M·, should not see reverse voltage half cycles. 


2. 
Meters M, and M, 
should be permanent-magnet 
moving-eoil-type 
direct-current 
instruments. 


3. 
The load resistor 
RL should 
be large enough 
to obtain a forward 
conduction 
angle of at least 130 
degrees. 


4. 
The synchronous 
switch 
connects 
the device under 
test to the forward 
current 
supply 
during 
each 
half-cycle 
when the polarity 
of the forward 
current 
supply 
is such that 
forward 
current 
will flow 
through 
the device under test. The switch 
must conduct 
at least 130 electrical 
degrees but not more 
than 
180 degrees each cycle. 
During 
the alternate 
half-cycle, 
the switch 
is required 
to support 
a 
voltage 
equal 
to 
the 
peak 
reverse voltage 
applied 
to 
the device 
under 
test. 
A pair 
of 
diodes 


is normally 
satisfactory. 


5. 
The reverse voltage 
supply 
may consist 
of an adjustable-voltage 
transformer 
with 
a rectifier 
diode 
connected 
in series with 
one secondary 
lead. The polarity 
of this rectifier 
diode 
should 
be such 
that 
no forward 
current 
can be supplied 
to the device under test from 
the reverse voltage supply. 


The phasing of the reverse voltage supply 
transformer 
should be such that the ungrounded 
output 
leads of 
the forward 
current 
and reverse voltage supplies go positive 
in the same half cycle. 
The 


internal 
impedance 
of the reverse voltage supply 
should be low enough 
to avoid excessive voltage 
fluctuation 
and wave-form 
distortion. 


6. 
Meter M3 may be replaced with 
provisions 
for measuring peak reverse current. 


7. 
The 
Forward 
Current 
Supply 
consists 
of 
an adjustable 
voltage 
transformer 
and a direct-current 
ammeter 
to read average direct 
current 
flowing 
through 
the test rectifier 
diode. The voltage range 
of 
the 
transformer 
secondary 
is determined 
primarily 
by the conduction 
characteristic 
of 
the 
synchronous 
switch 
and the size of the load resistor. The rms volt-ampere 
rating of the transformer 
secondary 
should 
be at least 
1.7 times 
the average de power 
drawn 
by the test rectifier 
diode, 
based on a conduction 
angle of 130 degrees. 


Reverse Recovery Time 
A suitable 
circuit 
for measuring 
reverse recovery 
time is shown 
in 
Figure 
8. This 
circuit 
is designed 
to simulate 
the 
commutation 
duty 
encountered 
in power rectification 
circuits. 


R, 
= 50 Ohms 


Q, 
=lN4723 
SeR 
= Fast Switching 
Type 
C, 
=0.5to50J.lF 
L, 
= 1.0 - 
27 J.lH 
T, 
= Variac, 
Adjusts 
I<PK) and di/dt 
T, 
= 1:1 
T3 
= 1: 1 (to trigger circuit) 


Current 
Viewing 
Resistor 


The resistance of the power loop is kept very small so that Land C will 
essentially 
determine 
the test current 
waveform. 
If this resistance is small, 


e.g., 2VL!C ~ 
R, 
then 
the 
test 
current 
will essentially 
be sinusoidal, 


possessing a width, tp = 7Ty'LC, a rate of current change, di/dt 
= VeiL, and a 
peak value, IFM = Vel VL!C. Vc is the peak voltage across the capacitor 
and is as small as practical to achieve the desired test conditions. The effects 
of reverse voltage magnitude 
on the test device recovery characteristics 
are 
neglected. 


The two most important 
test conditions 
are the rate of reversal (di/dt) 
and the magnitude of the test current. No restriction is placed on C, L, Vc or 
the maximum 
value of tp. These may be appropriately 
adjusted to achieve 
the desired test current di/dt 
and magnitude. The restriction 
on minimum tp 
is that it be 5 to 10 times the recovery time tIT of the test device so that the 
di/dt 
will be linear and of the same value before and after current reversal. 
The inductance 
of the current viewing resistor must be extremely 
low, 
e.g., < 0.0 I 
J,LH. The oscilloscope 
used to view the current 
must possess 
sufficient 
bandwidth 
to faithfully 
reproduce 
the true current waveform. If 


certain 
types of test devices recover too abruptly 
(see Figure 9), a current 
oscillation 
may appear on the oscilloscope 
following device recovery. This 
may be reduced by using a lower inductance 
current viewing resistor and by 
using a properly terminated 
oscilloscope connection 
cable. This oscillation, 
however, does not have any bearing or effect on the test results. Rectifier 
diode D2 and its circuit branch should provide a very low inductance 
path 
around the SCR. 


Figure 9 - 
Test Current Waveforms for Various Types of Rectifier Diodes Under Test in the Circuit 
for Measuring Reverse Recovery Characteristics 


Power rectifier diodes can possess two types of recovery characteristics. 
After 
the 
test 
current 
reaches 
its peak 
reverse 
value 
IR(Rec) , it may 
immediately 
or a short time later decrease very abruptly (abrupt recovery) or 
it may decrease 
slowly and smoothly 
to its steady-state 
reverse blocking 
value (soft 
recovery). 
In the former 
case, the effect of the rapid current 
change and the loop inductance 
producing 
transient voltages across the test 
device must be considered. 
The recovery time for rectifier diodes possessing 
"soft" 
recovery characteristics 
is defined as tIT = ta + tb (see Fig. 9), where 
ta is measured 
from the instant 
of current 
reversal to the instant 
current 
reaches its peak reverse value 
IR(Rec) , and tb is measured from IR(Rec) to 
the instant 
the straight line connecting IR(Rec) and 0.25 IR(Rec) intercepts 
the 
zero 
current 
axis. The 
recovery 
time 
for devices possessing abrupt 
recovery characteristics 
is defined in the same manner except tb is measured 
to the instant 
the test current 
waveform 
apparently 
intercepts 
the zero 
current 
axis. Note that the shape of the recovery characteristics 
can be fairly 
well determined 
if the value of tb is compared 
to that of ta. It is for this 
reason that the recovery characterization 
is done in this manner. Note that 
for go-no-go reverse recovery testing, limit points 
IR(Rec) and 0.25 
IR(Rec) 
should be based upon the registered IR(Rec) maximum value. 


The recovered 
charge (QR) of the test device is defined 
as the area 
under 
the 
reverse 
current-time 
curve. 
It 
may 
be 
measured 
by 
some 
integration 
(graphical or electronic) process if the beginning and endi,ng time 
points for the integration 
are defined. Generally the starting point is at the 
instant of current reversal and the ending point is at some specified reverse 
current. 


Junction Capacitance 


The capacitance 
of a rectifier diode is dependent 
on bias level, polarity, 


and to a minor extent, 
frequency. 
An arbitrary 
choice of these conditions 
may be made to provide the necessary standardization 
between 
the user's 
and 
the 
manufacturer's 
testing 
procedure. 
The 
capacitance 
is normally 
measured under reverse bias conditions and is given in terms of an equivalent 
parallel circuit capacitance. 


The 
bias supply 
should 
be properly 
isolated 
from 
the capacitance 
measuring equipment 
or have negligibly low capacitance. 
Also, the peak-to- 
peak alternating-current 
signal from 
the measuring 
equipment 
should 
be 
small in comparison 
to bias levels to prevent self-biasing of the diode and to 
minimize other errors due to "large signal" effects. 


THERMAL RESISTANCE 


The thermal resistance 
(Re) of a semiconductor 
device is a measure of 
the ability of its mechanical structure 
to provide for heat removal from the 
active semiconductor 
element 
and, therefore, 
it is an indication 
of power 
handling ability. One dimensional 
heat flow is assumed in thermal resistance 
specifications 
which must always include the two points between which the 
thermal 
resistance 
value 
applies. 
Two 
of 
the 
most 
common 
thermal 
resistance specifications are: 


1. Thermal 
resistance 
between 
the junction 
and a specified point on 
the case of the device. 


2. Thermal 
resistance 
between 
the junction 
and the ambient. 
Some- 
times a heat dissipator is attached to the rectifier diode. 


Test Description 


Since junction 
temperature 
cannot be directly measured, a temperature 
sensitive device parameter 
is used as its indicator. Forward voltage at a small 
percent of rated current is the recommended 
parameter 
to use. The value of 
the 
low 
level current 
used 
is called 
metering 
current 
IF(Met) 
and the 
resulting diode voltage is called metering voltage VF(Met). 
The 
determination 
of junction 
to 
case thermal 
resistance, 
(ReJd 


consists of making measurements 
to satisfy the following equation: 


_ TJ - Tc _ 
TCl - TC2 
ReJC - 
P(AV) 
- VF(Htg) 
X IF(Htg) 
X Duty Factor 


where: TCl 
::: measured 
case temperature 
with 
only metering 
current 
flowing. 
Under 
this 
condition 
TJ 
::: TCl. 
The 
case 
temperature 
is adjusted by the external application 
of heat 
to produce 
a value of low level forward 
voltage (called 
metering voltage) which is equal to that obtained when the 
device is operated with power applied. 


TC2 
::: measured case temperature 
when the diode is mounted 
to a 
heat dissipator and operated with applied power. 


IF(Htg) 
::: heating 
current 
used to produce 
the power dissipated 
In 
the semiconductor 
die. 


VF(Htg)::: 
forward voltage when IF(Htg) is applied. 


· 
. 
. 
junction-to-ambient 
thermal 
resistance, 
ROJA, 
substitute 
ambient 
tempera- 
ture T A for TC2. 
The test procedure 
consist of two distinct steps: 
1) a Power Applica- 
tion Test and 2) a Calibration 
Test. 


In Step 1 the device is operated 
with power intermittently 
applied at a 
very 
high duty 
cycle. 
During 
the 
intervals 
between 
power 
pulses, 
the 
metering voltage is measured. The current and voltage waveforms are shown 
in Figure 10. Normally the repetition 
rate is 60 Hz, but for testing very high 


current 
devices, a slower repetition 
rate may be required. 
The metering 
current, 
which 
flows 
continuously, 
must 
be held 
constant 
during 
the 
metering 
interval between 
power pulses when the test device impedance 
is 
varying 
considerably. 
To 
obtain 
maximum 
junction 
temperature, 
it is 
necessary 
to read 
VF(Met) 
at the exact instant 
when the heating current 
removal 
is initiated. 
However, 
this is not 
possible. 
First 
a finite time is 
required for the forward current to decay from the heating current value to 
the metering current value (t2 -t1 
in Fig. 10). The rate of forward current 
decay is a factor and must be listed as a test condition. 
Secondly, transients 
will exist in the metering voltage waveform for-some time after the metering 
current 
value is reached because of charge storage effects. Thirdly, induced 
voltage due to the reduction 
in forward current may also cause some voltage 
waveform 
distortion. 
Consequently 
the metering voltage cannot be used as 
an indicator 
of junction 
temperature 
until after these transients subside. The 
time t3 on the waveforms 
represents 
the shortest 
time after removal of 
heating 
current 
that 
metering 
voltage may be measured. 
For a particular 
device type, 
the time t3 may be found by performing 
the test at various 
power 
levels and noting 
the shortest 
time 
where the measured 
value of 
thermal resistance is essentially independent 
of the power dissipated. Power 
levels of 25% above and below the power corresponding 
to the specified 
heating current are recommended 
for this determination. 
Time t3 should be 
expected 
to 
be in the range of 
100 to 200 microseconds 
for standard 
recovery diodes. 
Since some die cooling 
occurs between 
the time when 
the heating 
current 
changes (t}) and time t3, the thermal 
resistance value determined 
from a metering voltage measurement 
at t3 will be in error. It is therefore 
necessary to extrapolate 
the metering voltage waveform back to t 1 from t3 
based on the shape of the waveform from t3 to t4. Linear extrapolation 
of 
the actual cooling curve from time t3 back to time t 1 results in little error. 
Figure 10c illustrates the extrapolation. 
It is recommended 
that the thermal resistance test be performed 
so that 
the test device junction 
temperature 
is within 80% of its rated value. The size 


of the 
heat 
sink used 
for 
the 
power 
application 
test 
must 
be chosen 
appropriately. 
The approximate 
case temperature 
(TC2) at which the device 
must 
be operated 
can be determined 
from the basic thermal 
resistance 
equation 
given at the beginning of this section. The recommended 
type of 
heat sink for the junction-to-case 
thermal resistance test is a flat plate with 
the test device centrally 
mounted. 
Mounting 
procedures 
are discussed in 
Chapter 
10. The top terminal connection 
should be such that heat dissipated 
does not 
add to the junction 
temperature 
of the test device. For solder 
terminal devices, it is recommended 
that the wire size used be the largest size 


that will fit through the hole in the terminal. Devices with flexible top leads 
should have the lead bolted to a heavy copper bus bar. There should be no 
forced air cooling of the diode case, lead, or top terminal. 


In addition to the measurement of the metering voltage waveform, the 
heating current IF(Htg), heating voltage VF(Htg), and the case temperature 
TC2 are all to be recorded during Step 1. 
The power application test (step 1) produced a value of forward voltage 
at the metering current level which corresponded to the maximum junction 
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temperature 
attained. 
Step 
2 consists 
of operating 
the 
test device 
with 
no 
significant 
power 
dissipation 
so that 
for all practical 
purposes 
the junction 
temperature 
and 
case 
temperature 
will 
be 
equal. 
At 
the 
same 
value 
of 
metering 
current 
as in Step 
I, the 
forward 
voltage 
is monitored 
and 
the 
diode 
is externally 
heated 
on a temperature 
c'ontrolled 
block 
or in an oven 
until 
the 
measured 
value 
of voltage 
equals 
the 
extrapolated 
value 
VF(tl). 


When 
the 
on-state 
voltage 
has 
stabilized, 
the 
case 
temperature 
(Tel) 
is 
recorded. 


Test Circuit 


A basic 
test circuit 
is shown 
in Figure 
II. 
The 
die of the device under 
test is heated 
by direct 
current 
having 
an rms ripple 
content 
of 5 percent 
or 
less. The 
heating 
current 
is passed 
continuously 
through 
the 
device 
under 
test 
except 
for 
a 
333Jls 
maximum 
time 
period 
(tl 
to 
t5) 
every 
16.7 
milliseconds 
(tl 
to el. During 
this 333Jls period, 
the junction 
temperature 
is 
indicated 
by reducing 
the 
forward 
current 
to the metering 
current 
value and 
measuring 
the voltage. 


Low 
Current 
DC Power 
Supply 
Approx.50V 


Heating 
Current 
Adjustable 
Voltage 
DC 
Power 
Supply 
6V, Min. 
Max. 
Ripple 
5% 


Metering 
Current 
Adjustable 
Voltage 
DC Power Supply 
Filtered 


Control 
of 
the 
heating 
current 
through 
the 
device 
under 
test 
is 
accomplished 
by SCRI and SCR2 which function as a dc flip-flop switching 
at a 60 Hertz repetition 
rate. Current 
is carried by SCRI only during the 
metering interval so SCRI may be considerably smaller than SCR2. C, which 
is charged by the low current dc power supply, has the function 
of turning 
off SCR2 when SCRI is triggered. 


Unavoidable 
inductance 
in the 
heating 
current 
power 
supply 
and 
associated 
circuit wiring make it impossible to turn off the heating current 
abruptly 
without 
creating transient 
voltages which would interfere 
with the 
measurement 
of on-state 
voltage. 
To overcome 
this problem, 
a diverter 
circuit 
consisting 
of rectifier 
diodes 
DI 
through 
Ds 
is included 
so that 
heating 
current 
is not 
interrupted 
by SCR2, but is simply switched 
to a 
different 
path. The inductor 
L may be included 
to make certain that the 
heating current does not vary while it is being switched from one path to the 
other. This inductor 
also serves to reduce an undesired flow of current from 
C through 
the device under test and the heating current power supply. The 
lead 
inductance 
in the 
diverter 
circuit 
should 
be kept 
low so that 
10 
microseconds 
after 
SCRI 
begins to conduct 
all heating current 
will have 
been diverted away from the device under test. In Figure 11 the portion of 
the circuit in which inductance 
must be carefully controlled 
is indicated by 
heavy lines. 
In order to accurately 
observe the forward voltage of the test device 
during 
the metering 
current 
interval, 
the use of a differential 
comparator 
oscilloscope preamp with a solid-state main frame amplifier is recommended. 
With care this equipment 
should allow magnification 
of the on-state voltage 
waveform 
during the metering 
current 
interval without 
distortion 
or zero 
shift being introduced 
due to the presence of the heating voltage waveform. 
An oscilloscope 
camera is extremely 
useful for recording the waveform so 
that 
the 
photos 
can 
be 
used 
to 
obtain 
the 
data 
for 
the 
necessary 
extrapolation 
of the metering voltage waveform. 


Life 
tests 
may 
be 
conducted 
for 
the 
purpose 
of determining 
the 
extended 
time-performance 
characteristics 
of semiconductor 
rectifier com- 
ponents. 
Tests are performed 
to detect problems which might arise during 
field operation. 
Stud- or base-mounted 
rectifier diodes require attention 
to the mount- 
ing procedure 
in order 
to minimize 
the interface 
thermal 
resistance 
as 
discussed in Chapter 
10. The temperature 
reference 
point is at a specified 
place on the case. 


Lead-mounted 
rectifier diodes are tested in the same manner as stud- or 
base-mounted 
units but attention 
must be given to the mounting conditions. 


It is recommended 
that the diodes be mounted with a minimum lead length 
between 
the mounting 
and body 
of 3/8 inch and with a maximum 
lead 
length between 
the mounting 
and the body of 1/2 inch. In those instances 
where the body of the diode includes tubulations, 
these dimensions shall be 
considered as applying between the end of the tubulation 
and the mounting. 
The mountings 
shall be maintained 
at a temperature 
greater 
than or 
equal 
to 
the 
specified 
ambient 
air 
temperature. 
If lead temperature 
is 
specified, it must be maintained at the rated value (+ lOoC, -0°C). 


Steady-state Operation 
The 
diode 
to 
be life-tested 
shall be subjected 
to 
the steady-state 
operational 
life test under the following conditions: 


I. Rated 
10 at registered 
Tc 
± 5°C with a conduction 
angle at or 
between 
130 and 180 degrees. 


2. Rated VRWM. 


3. 60 Hz test power frequency. 


4. 
1000 hour test duration. 


5. End-point 
readings made at least at 1000 hours (+72 hours, 
-24 
hours). 


Initial 
and 
end-point 
limits 
shall be as agreed to by the user and 
manufacturer. 
Test readings shall consist of the following: 


I. Reverse Current Test (lR) (See Figure I). 


a. VR at Tc as registered. (±3°C) 


b. An adjustable 
direct 
current 
voltage shall be applied 
to the 
rectifier diode under test by increasing the voltage from zero to 
the rated dc reverse voltage VR. 


2. Forward Voltage Test (VF) (See Figure 2). 


a. IF (amperes 
direct current) 
= 10 (amperes average) at TC as 
registered. 


b. VF must be read within 2 seconds after the application of IF. 


Intermittent 
Operation 
The 
rectifier 
diode 
to 
be 
life-tested 
shall 
be 
subjected 
to 
the 


intermittent 
operational 
life-test as outlined in Figure 12 under the following 
conditions. 
. 


I. Adjust electrical conditions 
as described above for a steady-state 
life 
test. 


2. Removal 
of reverse power 
during 
the off power 
period 
shall be 
optional. 


3. The case temperature 
of the rectifier diode under test shall start at a 
temperature 
between 
20°C and 50°C, when each power period 
is 
applied, and rise to a maximum 
temperature 
of registered Tc @ 10. 


The registration 
format 
provides 
for a + 10°C to -DoC tolerance 
window 
for Tc. The case temperature 
of the rectifier 
diode shall 
remain 
at 
this 
maximum 
temperature 
for the remainder 
of the 
applied power period. The cooling-off 
period shall return the case 
temperature 
of the 
rectifier 
diode 
to 
the 
original 
starting 
case 
temperature. 
The entire intermittent 
cycle is shown in Figure 12. 


Test duration, initial and end-point test readings, and their time 
interval shall be the same as for the steady-state 
tests. 
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Thermal Fatigue 
The diode shall be subjected 
to the thermal fatigue life test under the 
following conditions: 


I. The diode to be life-tested shall be placed on an adjustable heat fin 
or temperature-controlled 
heat sink. Caution should be exercised in 
this life-test 
method 
when adjustable 
heat fins are being used in 
conjunction 
with 
life-test 
equipment 
that 
utilizes 
a series-string 
method of test circuitry. Two controls which can be used are: 


a. If one size plate or fin is to be used for a number of devices, the 
thermal 
resistance 
of the devices to be tested 
must be kept 
within limits so that over-or under-heating 
of the junctions will 
not occur. 


b. If the thermal resistance of each device is not controlled, 
each 
individual 
heat 
fin 
must 
be 
trimmed 
to 
give the 
proper 
temperature 
excursions on the case of the diodes. 


2. Rated 10 (conduction 
between 130 and 180° at 60 Hz) at specified 
Tc shall be applied for a period of not less than 2 and not more than 
6 minutes. 
During 
this time, 
the case, which is initially at some 
temperature 
between 20° and 40°C, will be driven by either internal 
power loss (when mounted 
on a heat fin) or a controlled 
heat sink 
(which combines external and internal power for heating) to a case 
temperature 
of registered TC + lOoC, _O°e. 


3. No reverse voltage shall be applied during the heating period. 


4. After 
the heating 
period, 
the current 
shall be turned 
off, and a 
c90ling 
cycle of not 
more 
than 
8 minutes 
maximum 
will start. 
Cooling 
shall 
be done 
by any 
convenient 
method 
(forced 
air, 


fluid-cooled heat sinks, fins, etc.). A case temperature 
of from 20°C 
minimum 
to 40°C 
maximum 
shall be reached by the end of the 
cooling cycle. 


5. No reverse voltage shall be applied during the cooling period. 


6. The life test shall be operated 
over'a thermal cycle time not longer 


than 
10 minutes 
for a period 
of 5000 cycles. A diagram of the 
heating and cooling cycles is shown in Figure 13. 


7. End-point 
readings shall be taken at least at 5000 cycles, (+1000 
cycles, -500 
cycles). Initial and end-point 
readings are the same as 
with 
the 
other 
two 
life-tests. 
In addition, 
thermal 
resistance 
as 
outlined 
in a previous section should be measured. End points mll':t 
be agreed upon by user and manufacturer. 
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Simulated 
Life-Test Circuit 
When life tests require the use of large quantities 
of power, due to the 
size of the rectifier 
diode being tested or the number 
of units on test, it 
becomes 
necessary 
to develop 
a simulated 
circuit 
which will reduce the 
power used and, at the same time, subject the rectifier to the same operating 
conditions 
as it would see in a normal life-test circuit. A system for testing a 
number of diodes from one supply is shown in Figure 14. Simulated tests are 
described 
in the previous section. Special precautions 
when performing 
life 
tests on rectifier banks follow: 


I. A fuse or circuit breaker 
should be used in series with each test 
rectifier 
diode to isolate defective 
diodes without 
interrupting 
the 
test. An alternate 
protection 
method 
is the use of a single fuse or 
circuit breaker connected 
in series with the ungrounded 
output 
lead 
of the reverse voltage supply. With this method, 
failure of a single 
cell removes reverse voltage 
from all test rectifier 
diodes. If the 
reverse voltage supply has limited power capacity so that it cannot 
furnish enough current to blow the fuse, yet it may be damaged by a 
short 
circuit, 
a 
dual 
supply 
system 
is required. 
An 
auxiliary 
low-voltage low-impedance 
supply, isolated by a blocking rectifier 
diode, 
may be connected 
in parallel with 
the reverse supply 
to 
furnish the fault current required to operate the protective 
device. 


2. A load resistor is required 
in series with each test rectifier diode. 
This resistor shall be large enough to insure accurate current division 
between 
test rectifier 
diodes. The voltage drop across this resistor 
shall also be high enough 
to permit a conduction 
angle of at least 


130 degrees. The power dissipated 
in this resistor is 2.9 times the 
product of resistance and average current squared. 


3. The 
rectifier 
diodes 
to be life-tested 
shall be operated 
at rated 
average current 
when mounted 
on a suitable heat sink to maintain 
rated stud temperature. 
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II 
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ENVIRONMENTAL 
TESTS 
Environmental 
tests are performed 
to obtain physical or electrical data 
resulting from or occurring during conditions 
of shock, vibration, 
tempera- 
ture, humidity, 
or other environmental 
phenomena. 
These tests are generally 
used to evaluate ratings, to compare similar devices, to study characteristics, 
or to determine 
performance 
relative to a specific application. 
The electrical 
tests performed 
on the semiconductor 
rectifier 
component 
fall into two 
classes: 


1. Initial 
characteristic 
tests prior 
to environmental 
tests and post- 
environmental 
end-point tests. 


2. Tests made during a specific environmental 
condition. 


Shock 
In shock 
tests, 
the device is subjected 
to a specified unidirectional 
acceleration 
for a specified 
time. To evaluate 
the effect of shock\on 
the 
device, it is usually necessary to transmit 
the shock to the device along at 
least one axis. The direction 
of the axis must be specified for each device 
configuration. 


The jig used to hold the device under test should be designed to exert 
the least possible pressure. Care must also be taken to limit the amount 
of 


cushioning 
material 
employed 
in 
the 
jig since 
the 
shock 
transmission 


characteristic 
of these materials is poor. Under conditions 
of high short-term 


acceleration, 
even metals such as steel, must be regarded as highly viscous 
fluids. 
When noise measurements 
are being made on the device under 
test, 
extreme 
care must 
be taken 
to avoid inducing 
extraneous 
signals in the 
moving lead wires. It is recommended 
that dummy 
resistive networks 
be 
used to prove out the associated test equipment 
before it is used to evaluate 
the device performance. 


Vibration 


In vibration 
tests, the device is subjected to an accelerating force whose 
amplitude 
varies with time. To simplify calibration 
and analysis, the tests are 
generally performed 
with as close to a true sine wave as practical. In all types 
of vibration 
tests, the device should be vibrated in directions 
along each of 
the three axis. Vibration tests can be subdivided into three classes: 


I. Tests to determine 
structural 
resonances. The device shall be tested 
over a range of the specified 
frequency 
spectrum 
suitable 
for the 
intended 
application 
of the device. Mechanical resonance is usually 
determined 
by visual means but may be determined 
as specified by 
audio or electrical observations. 


2. Tests to produce 
physical fatigue. The device should be tested at a 
specified single frequency 
for a specified time. Initial characteristic 
tests and post-vibration 
end-point tests are generally performed. 


3. Tests 
to 
evaluate 
performance 
under 
vibration 
and 
electrical 
operating 
conditions. 
The 
device 
is usually 
tested 
at 
a single 
vibration 
frequency 
of sufficient 
amplitude 
to evaluate 
the per- 
formance 
under 
specified 
electrical 
operating 
conditions. 
Noise 
output 
and parameter 
shift are both used to evaluate performance 


Acceleration 


Acceleration 
tests subject the device to a short-duration 
high-centrifugal 


acceleration. 
The device under 
test is commonly 
mounted 
in a semicom- 
pliant material 
(e.g., nylon, 
teflon, 
etc.) to prevent excessive stresses from 
being 
generated 
at 
any 
point 
on 
the 
case or encapsulation, 
unless the 


application 
indicates 
other 
requirements. 
Initial 
characteristic 
tests 
and 


nost-acceleration 
end-point tests are generally performed. 


Humidity 


The resistance 
to moisture 
penetration 
is primarily 
a function 
of the 


encapsulation 
or protective 
coating. The device under test is subjected 
to 


specified relative humidity 
and temperature 
conditions 
for specified periods 


of time and, then, is generally allowed to dry following removal from the 
test condition. 
Initial characteristic 
tests and post-humidity 
end-point 
tests 


are generally performed. 


Salt Atmosphere 
In salt atmosphere 
(or salt spray tests), the device is subjected 
to a 
specified condition 
for a specified time to determine 
the susceptibility 
of the 
device to corrosive atmospheres. 
The device is generally washed and dried 


after removal from test conditions. 
Initial characteristic 
tests and post-salt- 
spray end-point tests are generally performed. 


MECHANICAL TESTS 


The following mechanical 
tests may be performed 
to determine 
if the 
degree of mechanical ruggedness is adequate to withstand 
normal installation 
requirements. 
The manufacturer 
of the specific device should be consulted 
for test conditions. 
Diodes subjected 
to these test are normally considered 
unsuitable for further use. 


Lead Fatigue 


This 
test 
may 
be performed 
on 
lead-mounted 
rectifier 
diodes 
by 
bending each lead through the specified angle the specified number of times 
in a cyclical manner. 
All arcs on.a 
single lead are made in the same plane 
without torsion. Failure is defined as lead breakage. 


Lead Pull 


This test may be performed 
on lead-mounted 
semiconductor 
rectifier 
diodes by applying 
the specified 
force, without 
shock, to the lead either 
parallel or perpendicular 
to the axis of the device. Failure is defined as lead 
breakage. 


Torque 
This test may be applied, where applicable, by applying the specified 
torque between the terminal and the case. The manufacturer's 
recommenda- 
tions 
for 
means 
of clamping 
the 
device should 
be followed. 
For stud- 
mounted devices, the torque should be applied between a specified mounting 
nut and the case. The manufacturer 
should be consulted 
for recommended 
mounting 
procedure 
or 
for 
recommendations 
regarding 
use 
of thread 
lubrican ts. 


Thermal Shock 


This test may be performed 
on semi-conductor 
rectifier diodes which 


are hermetically 
sealed. The test is performed by immersion of the device in 


a suitable 
liquid at elevated temperature 
for not less than 15 seconds and, 


immediately 
thereafter, 
in a suitable liquid at low temperature 
for not less 
than 5 seconds. The volume of liquid should be large enough to prevent a 
temperature 
change of more than 5°C upon immersion. The manufacturer 


should be consulted 
for recommended 
values of high and low temperature. 


Dielectric Strength 


A rectifier 
assembly 
or a device having an isolated 
case should 
be 


capable of withstanding 
a specified potential 
for a specified period of time 
between current carrying parts and non-current 
carrying metal parts, which 
may be grounded. 


Starting 
at zero, 
the applied potential 
should be increased gradually 
until 
the required 
test value is reached 
or breakdown 
occurs. All device 


terminals should be connected 
together 
before the potential 
is applied. The 
manufacturer 
should be consulted for specific test conditions. 


II 
CHAPTER 12: RELIABILITY 
CONSIDERATIONS FOR THE 
CIRCUIT DESIGNER 


The ultimate 
goal of a circuit designer is to produce 
circuits, which 
when assembled 
into 
a system, 
will enable the equipment 
to perform 
its 
intended 
function 
with less than a defined percentage 
of "down 
time" due 
to equipment 
malfunction. 
To do this, the designer must have a knowledge 
of all facets of reliability 
which contribute 
to system reliability, 
some of 
which are: 


(l) 
The relationship 
of component 
reliability to system reliability. 


(2) The causes of component 
failure. 


(3) How reliability is measured. 


(4) The various methods of specifying reliability assurance. 


(5) The factors involved in selecting components. 


(6) The effect of circuit design upon overall system reliability. 


These facets of reliability, as pertaining to rectifiers, will be discussed in 
this chapter. 
In a general way, much of the discussion can be applied to 
other components 
as well. 


RELIABILITY 
OF SOLID-STATE SYSTEMS 


The ultimate 
measure 
of reliability 
is the degree to which a system 
performs 
the function 
for which it was designed. 
A general 
method 
of 
expressing system reliability is Mean Time Between Failures (MTBF), which 
is equal to operating 
time divided by the number of failures. A number 
of 
other 
measures 
of system reliability 
are used, but MTBF is probably 
the 
most commonly 
accepted, 
and can be related to the others mathematically. 
The reciprocal 
of MTBF is the failure rate. The MTBF of a system is, of 
course, dependent 
upon 
the number 
of components 
used in the system as 
well as the 
reliability 
of 
the individual 
components 
under 
the stresses 
encountered. 
In comparing reliability 
of different 
systems, a useful method 
of normalizing 
is to consider 
failures 
per component 
hours. 
This is the 
number of failures divided by the product of the number of components 
and 
the hours of system operation. 
The MTBF for a system is not a constant over its entire life. The MTBF 
will probably 
be relatively 
short during the "debugging" 
phase early in a 
system's life, until the early life failures due to both component 
manufactur- 
ing and system 
assembly 
faults 
are eliminated, 
and late in life when the 
failure 
rate 
increases 
due 
to 
component 
wear-out 
failures. 
During 
the 
midportion 
of life, when the failures are random in nature, MTBF should be 
a maximum. 
Reliability is usually expressed as failure rate in percent per 1000 hours. 
Since failure rate is the reciprocal 
of MTBF, it is also possible to express 
diode 
failure 
rates 
in 
terms 
of MTBF, 
but 
such an expression 
can be 


extremely 
misleading. 
For example, 
failure rates on the order of 1.0% to 
0.1 % for 
1000 hours 
of life testing 
at 
maximum 
rated 
conditions 
are 
available 
from 
the 
semiconductor 
industry 
today. 
A 
failure 
rate 
of 
0.1 %/ 1000 hours is equivalent 
to an MTBF of 1,000,000 
hours or over 114 
years. 
However, this is a rather 
meaningless 
figure for a number of reasons, 
some 
of which will be discussed 
in the following 
sections. 
All rectifier 
reliability 
will, therefore, 
be expressed 
in terms of failure rate throughout 
this chapter. 


ACHIEVING RELIABILITY 


Three major factors contribute 
to reliability: 


( 1) Basic device design. 


(2) Manufacturing 
processes. 


(3) Quality and Reliability Control. 


Device Design 


The 
reliability 
of a rectifier 
is fundamentally 
dependent 
upon 
the 
device design. Regardless of the degree of effort placed into device screening 
and circuit 
designing, 
the ultimate 
reliability 
obtained 
from a rectifier 
in 
actual application 
can be no greater 
than that provided 
inherently 
by the 
design. Therefore, 
reliability 
must be considered 
at the design and process 
development 
stages 
to 
establish 
a firm foundation 
for a comprehensive 
reliability program. 
Designing 
for 
reliability 
entails 
defining 
all 
stress 
factors 
in 
the 
application 
under 
which 
the 
device 
must 
operate. 
The device must 
be 
targeted 
to 
specific 
power 
and 
temperature 
ratings 
and 
to mechanical 
environments. 
The design must then be evaluated 
by thorough 
reliability 
testing, 
and the results supplied to the design engineering department. 
This 


closed-loop 
feedback 
procedure 
provides valuable information 
necessary to 
cause 
corrective 
action 
on such 
important 
design 
features 
as electrical 
stability due to surface effects, mechanical 
strength, 
and thermal resistance. 


Manufacturing 
Processes 


This 
closed-loop 
feedback 
method 
of designing-out 
known 
failure 
modes is actually 
coupled with standardization 
of manufacturing 
processes 
since 
both 
are established 
by 
the 
design 
engineering 
department. 
As a 
product 
line 
matures 
in 
reliability, 
it 
is accompanied 
by 
increase 
in 
manufacturing 
yield due to advancing 
technology 
and refinement 
of the 
manufacturing 
processes. 
Therefore, 
the 
by-product 
of a well-designed 


reliability 
effort 
is 
profitable 
to 
both 
manufacturer 
and 
user, 
since 
operational 
cost reductions 
allow reliable products 
at a lower price. This 


enables 
the manufacturer 
to remain 
competitive 
in a market 
demanding 
increased reliability as the technology develops. 


Quality and Reliability Control 


In 
order 
to 
provide 
the 
design 
engineering 
department 
with 
the 
necessary 
input 
for upgrading 
manufacturing 
processes and techniques, 
a 
stringent 
system 
of process 
control 
must 
be instituted. 
This system 
of 
process 
control 
involves 
two 
functions 
within 
Reliability 
and 
Quality 
Assurance, 
an 
in-process 
Q.C. 
group 
with 
the 
expressed 
function 
of 
monitoring 
quality 
of material 
and 
workmanship 
at 
each 
stage 
in the 
manufacturing 
of the rectifier, 
and a reliability 
test group for testing the 
finished product. 


There are many variables that must be controlled 
to produce a reliable 
rectifier, 
and 
the 
in-process 
Q.C. 
group 
is charged 
with 
the 
task 
of 
controlling 
the larger percentage of these variables. Strict controls are placed 
on all aspects of manufacturing 
from materials procurement 
to the finished 
product. Included in this broad spectrum of controls are: 


(1) Materials Control 


All material, 
purchased 
or fabricated 
in-plant, are closely checked 
against rigid specifications. 
A constant 
quality rating on vendors is 
kept up-to-date 
to insure that only materials 
of a proven quality 
level will be purchased. 


(2) In-Process Inspection 
and Control 


Numerous 
inspection 
stations maintain a statistical Quality Control 
program on specific manufacturing 
processes or parameter 
classifi- 
cation steps. If these processes are found to be in an out-of-control 
condition, 
the 
discrepant 
material 
is diverted 
from 
the normal 
production 
flow, 
and 
the 
cognizant 
design 
engineer 
notified. 
Corrective 
action 
will be instigated 
to remedy 
the cause of the 
discrepancy and, thus, may entail a design change. 


(3) Reliability Testing 


Reliability 
testing includes lot acceptance 
testing, such as, elevated 
temperature 
operation, 
life, 
surge-current 
capability 
tests, 
and 
hermetic-seal 
tests. Documentation 
and transfer 
of the results of 
these tests to the design engineer is the responsibility 
of the Quality 
Control group. 


A knowledge of the causes of semiconductor 
device failure is essential 
to an understanding 
of reliability. 
Since a complete 
analysis of semicon- 
ductor 
device failure mechanisms is beyond the scope of this chapter, 
only 
the most general aspects of failure mechanisms will be considered. 
Rectifier failure mechanisms can be broadly classified as follows: 


(1) Surface Defects 


(2) Mechanical Defects 


(3) Bulk Defects. 


Surface Defects: The most prevalent cause of poor reliability is failure 
due to the condition 
of the semiconductor 
surface. A surface condition 


leading to poor reliability 
may be caused either directly 
by imperfections 
within 
the encapsulated 
rectifier 
itself, or by failure of the package which 
causes the semiconductor 
surface 
to be subjected 
to the external environ- 
ment, 
or a combination 
of both 
these 
factors. 
During fabrication, 
every 
precaution 
is taken 
to assure stability 
of semiconductor 
surfaces. This is 
particularly 
true for the fabrication 
steps just prior to encapsulation. 
Such techniques 
as - 
(I) 
the encapsulation 
of the diodes in an inert 
atmosphere 
(such as nitrogen) to reduce possibility of chemical reaction with 
the semiconductor 
surface. (2) the use of getters which absorb moisture 
to 
maintain 
low partial vapor pressure within the package, and, (3) the use of 
junction 
passivation 
- 
are 
all designed 
to 
stabilize 
or 
to isolate 
the 


semiconductor 
surface from the surrounding environment. 


Stresses which cause a change in the state of the semiconductor 
surface 


during 
life are a potential 
source 
of poor 
reliability. 
Among the factors 


which can introduce 
mechanisms 
to change the state of the rectifier surface 
are: 


(I) 
Entrapment 
of moisture 
or other contaminants 
within the package 


during encapsulation. 


(2) Loss of the hermetic 
seal due to improper encapsulation, 
i.e., leaks 
which were present 
at the time the rectifier was manufactured 
or 
which occurred during subsequent 
life. 


Surface 
defects 
are 
most 
often 
detected 
by 
reverse 
current 
OR) 
instability 
over periods 
of life stressing. 
Fabrication 
techniques 
are not 


identical for all device types, and these differences can create different levels 
of IR between 
the device types. The magnitude 
of IR therefore 
becomes 
significant only when compared with the mean IR for that device. 
Mechanical Defects: 
The mechanical defects which can occur in diodes 
are relatively easy to analyze. Among these any: 


( I) Poor bonding of die-to-header 


(2) Poor lead-to-die contact 


(3) Lack of hermetic seal. 


Poor 
contact 
of 
the 
die to 
the 
header 
may 
increase 
the thermal 


resistance of the rectifier, resulting in high junction 
temperatures 
during high 
power 
operation. 
Poor contacts 
may also cause hot spots, but this is of 
secondary importance 
for relatively low level applications. 


Bulk 
Defects: 
Bulk defects in rectifiers 
are generally 
a less frequent 
cause of poor reliability 
than surface or mechanical defects. Bulk defects are 
often 
difficult 
to 
detect 
by 
in-process 
controls 
during 
the 
fabrication 
process, although they are usually detected at the final electrical test. 


Included in this classification of defects are crystal imperfections 
which 


can cause non-uniform 
diffusion, 
(resulting 
in high current concentrations 


and hot spots), and undesired impurities 
which can result in uneven voltage 
gradients. These uneven voltage gradients can cause, in a worst case, failure 
due to punch-through. 
A second class of bulk defects results from diffusion 
of impurities 
and metal contacts 
into the bulk material at normal operating 


temperatures. 
This problem 
is generally 
minimized 
in a well-designed 
and 


fabricated rectifier. 


Failure Analysis: 
Complete 
rectifier failure analysis is quite complex; it 
requires 
extensive 
facilities 
and a thorough 
knowledge 
of semiconductor 
theory 
and 
fabrication 
methods. 
However, 
preliminary 
analysis 
at 
the 
equipment 
manufacturer's 
plant 
can prove very helpful 
in improving 
the 
reliability of solid state systems. 
When a failure is detected 
at any stage of systems manufacture-from 
incoming parts inspection 
to final systems test-a 
complete record should be 


compiled 
describing 
the indication 
of failure, the stage of manufacture 
at 
which the failure occurred, 
the circuit in which the diode failed, the stress 
applied, and any other information 
which might help complete 
the history 
of the failure. When the rectifier 
is returned 
to the analysis laboratory, 
it 
should be visually examined for any possible indication of mishandling. Then 
it should be measured for electrical characteristics 
to determine 
if it truly is a 
failure. 


If an electrical test indicates the rectifier is inoperative, the failure may 
be mechanical in nature and the device should be X-rayed in an attempt 
to 
see the cause of failure before the diode is cut open. Opening a rectifier case 
should be the last operation 
in failure analysis, because no matter how much 
care is exercised.>...additional 
damage 
may be done 
which may mask the 
original 
cause 
of-fail-w:e.., Once 
the 
rectifier 
is opened, 
the 
cause 
of 
mechanical failure will usually"'oeGome apparent under microscopic examina- 
tion. 
If, 
when 
tested, 
the 
rectifier 
shows 
little- or 
no 
deviation 
from 
specification, 
it is well to observe its characteristics 
on a curve tracer where 
any irregularity 
in characteristic 
curves will be apparent. The rectifier should 
be trapped while its characteristics 
are being observed to detect any intermit- 
tent condition. 
If the rectifier shows excessive leakage, the case should be thoroughly 
washed to remove any conductive paths that have formed externally. 


The investigation 
may be carried further by increasing and decreasing 
the rectifier temperature 
to the limits of the rectifier rating, while observing 
the device characteristics 
on a curve tracer for irregularities. 
With the possible addition 
of a leak detection 
test, this is probably 
as 
far as failure analysis can be practically 
carried outside of a semiconductor 
laboratory, 
and 
even 
for 
this 
preliminary 
analysis, 
thoroughly 
trained 
personnel and complete facilities are necessary. 


FAILURE RATE AS A FUNCTION OF TIME 


The idealized curve of component 
failure rate versus time is shown in 
Figure 1. Several features of this familiar "bathtub" 
curve are important 
in 
any 
consideration 
of diode 
reliability. 
The 
first 
portion 
of this 
curve 
indicates 
a sharply 
increasing 
and then 
a steadily 
decreasing 
failure rate 


during the "burn-in portion" 
of rectifier life. The increasing failure rate for 
the very early life portion 
of Figure 1 may not always be seen. The portion 
of this curve which shows a decreasing 
failure rate for rectifiers 
has been 
demonstrated. 
These early life failures are generally classified as a result of 
poor workmanship. 
The failure rate during the very early life depends upon a number of 
factors. 
Among these are the actual zero time in the life of the component, 


the 
definition 
of failure, 
and 
of course, 
the inherent 
reliability 
of the 
product. 
Actually, 
the 
life of a rectifier 
begins when 
the encapsulating 
process 
is completed. 
On 
Motorola's 
high-reliability 
lines, 
a period 
of 
stressing at elevated temperature 
is standard operating procedure 
in order to 
stabilize 
characteristics. 
The 
time 
and 
the 
stress 
applied 
during 
this 
stabilization 
process will affect the early-life failure rate, and, thus, they will 
significantly 
affect the shape of the very early portion 
of the failure rate 
versus life-curve. 
The criteria used to define a failure will affect the failure rate for any 
given period 
of time. 
For example, 
a rectifier 
type, which has a certain 
amount 
of instability 
of characteristics 
early in life, can exhibit 
different 
failure rates depending upon the relationship 
of test limits initially and limits 
after 
a specified 
period 
of time. 
When tested 
to a life-test specification 
which defines a failure as exceeding 
the initial electrical 
parameter 
limits, 
these rectifiers will have a higher early-life failure rate than they would have 
had if tested to a specification 
with life-test limits relaxed from initial limits. 
If parameters 
continue 
to drift with time, even the relaxed life-test limits 
would be exceeded and the total number of failures would be the same, re- 
gardless of the specified limits. 
However, if the rectifier 
should stabilize 
after a short period of time, as is often the case, then the failure rate would 
be less to the relaxed life-test points. 
The idealized failure rate versus time curve shows that after the initial 
high 
and 
decreasing 
failure 
rate 
period, 
which 
can 
be 
attributed 
to 
workmanship 
faults not detected during the manufacturing 
process, a period 
commences 
of relatively 
constant 
failure 
rate 
at a low level. This is the 
period of random failures. 
The final portion 
of Figure I shows an increasing failure rate indicated 
as "wear-out". 
This portion 
is extremely 
difficult 
to define and will vary 
depending 
on the method 
of fabrication 
and applied stress. This increasing 
failure rate can be introduced 
by such mechanisms as thermal fatigue of the 
solders between 
the silicon die and the mount 
(due to repeated 
cycling of 
junction 
temperature 
while the case is at more or less a fixed temperature), 
by glass hermetic 
seal failures (due to environmental 
cycling), by fatigue of 
internal 
construction 
(due to mechanical 
stress), or by bulk defects. Little 


data 
is available from 
either 
life-tests 
or system 
field-tests 
to permit 
an 
accurate 
picture 
of this portion 
of the curve. Contrary 
to the early life 
failures 
which 
may be characterized 
as workmanship 
faults, 
the failures 
which occur in the wear-out period are believed to be a result of basic design 
limitations. 
The fact that failure rate is not constant with time throughout 
rectifier 
life dictates that any statement 
of failure rate must refer to the time period 
considered. 
In this chapter 
all failure-rates 
are based upon the first 1000 
hours of life tests unless otherwise stated. This changing failure-rate during 
life is a reason for not using MTBF as measure of reliability on an individual 
rectifier basis. 


SCREENING PROCEDURES 


Since many early life failures are the result of manufacturing 
flaws, it is 
quite 
possible 
to 
develop 
screening 
procedures 
to 
improve 
reliability. 
Actually 
most 
reputable 
manufacturers 
employ screening procedures 
as a 
regular 
part 
of the fabrication 
process. 
The effectiveness 
of any screen 
procedure 
must be carefully verified for the particular semiconductor 
under 
consideration. 
All rectifiers 
are measured 
for significant 
electrical 
characteristics 
to 
detect 
devices with abnormalities 
which may cause poor reliability. 
Most 
bulk and surface defects are detected 
at electrical characteristics 
screening. 
Depending 
on 
the 
manufacturing 
process 
used, 
screening 
tests 
such 
as 
power-applied 
burn-in, 
temperature 
cycling, and high temperature 
storage 
may be employed. Unless screening processes are properly selected, however, 
they 
may have the opposite 
effect of actually 
reducing rectifier 
life. For 
example, extreme mechanical stresses may not only destroy weak units, but 
may weaken good units. 


MEASUREMENT OF RELIABILITY 


The ultimate 
measure of rectifier reliability is performance 
in intended 
applications. 
However, since long-term tests at use-conditions 
are not feasible 
from either time or cost considerations, 
more practical test procedures have 
been developed to assure reliability. 
The intent of these tests is to accelerate testing by increasing the failure 
rate so that a measure of long-term reliability may be obtained in a relatively 
short time (1000 hours) and to accelerate stresses so that a relatively small 
number of components 
may be tested at high stress levels to assure very low 
failure rates under normal use conditions. 
Matrix Testing: A matrix program includes the testing of a number of 
devices under 
a range of test conditions 
designed to stress the potential 
device 
failure 
mechanisms. 
Aside 
from 
mechanical 
and 
environmental 
stresses, 
a semiconductor 
device will be stressed 
during use by voltage, 
current, 
ambient 
temperature, 
and junction 
temperature. 
These conditions 
are not independent. 
In fact, they are closely interrelated. 
To 
determine 
the 
extent 
of the 
effect 
of these 
stresses on semi- 
conductor 
device reliability, 
an experiment 
is designed to test devices under 
various 
combinations 
of these stresses. Statistical 
analysis 
of these 
tests 
results 
at specific stress points, 
permits the prediction 
of failure rates at 


other 
stress conditions, 
and provides a relative measure 
of the effects of 
various stress conditions, 
i.e., develops acceleration 
factors. 


Extensive 
matrix 
testing 
programs 
cannot 
often 
be 
economically 
justified. 
However, 
even in a much 
simpler 
form 
these 
approaches 
can 
provide significant results in determining a relationship between failure rates 
under high stress conditions and those at use-conditions. 
A vital precaution 
which must be observed in matrix 
testing or any 


other 
accelerated 
test plan is to assure that no new failure mechanisms 
are 


introduced 
by the accelerated stress which will not be encountered 
in normal 
circuit use. If the high stress tests introduce 
new failure mechanisms, 
then 
they lose validity in predicting long-term life. 


Step-Stress 
Testing: The step-stress test method 
has the advantage over 


matrix 
testing 
in that 
it is a relatively 
short-time 
test. Step-stress 
testing 
consists of subjecting 
the devices being evaluated to successively increasing 


levels of stress until a majority 
of the devices have failed. Step-stressing can 
be done 
for mechanical 
stresses such as constant 
acceleration, 
electrical 


stresses such as surge current or power dissipation, and ambient stress such as 
temperature. 


Though 
a number 
of applications 
have been proposed 
for step-stress 
analysis, the most useful application 
is providing relatively fast comparative 
analysis. Step-stress analysis can be used to determine: 


(I) 
The 
comparative 
effect 
of 
manufacturing 
process 
changes 
on 
reliability. 


(2) The variation in reliability of lots manufactured 
at different 
times. 


(3) Comparative 
analysis of similar types supplied by different 
manu- 
facturers. 


SPECIFYING 
RELIABILITY 
ASSURANCE 
The factors which influence the degree of reliability assurance obtained 
by testing a sample of rectifiers are: 


(l) 
The stress applied. 


(2) The sampling plan used. 


(3) The criteria of failure. 


(4) The number of failures permitted. 


All of these factors must be specified if adequate reliability verification 
is to be assured: 


Stress: 
The 
stresses 
applied 
should 
be chosen 
to accelerate 
failure 
mechanisms which can cause failures during system life. Acceptance 
testing 
is almost universally conducted 
under maximum 
rated conditions. 
Since the 
stresses the rectifier encounters 
during life in well designed systems are less 
than the maximum rated, the acceptance life test is an accelerated test. 


Sample Plan: In any plan by, which the quality of a large population 
of 
devices is assured by testing a sample of that population, 
there is an element 
of risk that the measured 
quality 
of the sample will not give an accurate 
picture of the quality of the total population. 
The smaller the absolute size 


of 
the 
sample 
and 
the 
smaller 
the 
sample 
is in relation 
to 
the 
total 


population, 
the greater the nsk that the measured quality of the sample is 
not the true quality of the total population. 
The sample test results may give 
an accurate, 
a pessimistic, or an optimistic 
picture of the true quality of the 
total 
population. 
The sample plan must be selected to give as accurate 
a 
picture of the total population 
as cost and time limitations permit. 


The accuracy with which the sample test results measure the quality of 
the total population 
is known as the confidence 
level. If it is desired to use 
the results of a sample test to state a reliability level for an entire lot, then 
the maximum 
failure rate decreases as the confidence 
level increases. Thus, 
any statement 
of failure rate must include information 
as to whether 
it is a 
measured 
failure rate or whether 
it is a maximum 
failure rate. If it is a 
maximum 
failure rate, 
then 
the associated 
confidence 
level must also be 
stated. 
Two basic methods 
of sampling quality 
assurance 
are in use in the 
semiconductor 
industry 
today. These are the AQL and the LTPD plans. The 
AQL (Acceptable 
Quality Level) procedure 
has been in use for a number of 
years. Under it, an inspection 
level and an AQL are specified. For each lot 
size, . the 
inspection 
level 
specified 
determines 
the 
number 
of samples 
required. 
The 
number 
of samples to be tested 
increases as the lot size 
increases, but the ratio of sample size to lot size decreases for larger lots. 
MIL-STD-105 
"Sampling 
Procedures 
and Tables for Inspection 
by Attrib- 
utes" 
specifies 
the sample size for any inspection 
level and lot size, and 
'>tipulates the number of failures permitted 
for any AQL. The AQL value is 
approximately 
the maximum 
average percent defective permitted 
if 19 out 
of 20 lot submissions are to be accepted. 


The 
AQL system. is known 
as a "producer 
risk" 
plan because 
the 
producer's 
risk is specified while the risk the user is taking is not specified. 


The manufacturer 
has an approximately 
5% chance of having a lot rejected if 
the percent 
of defective devices is more than the specified AQL. The lots 
accepted, 
however, 
could have considerably 
higher percent defectives than 
the AQL indicates. 
This method 
of quality 
assurance is especially unsatis- 
factory if the sample size is small. 


The 
LTPD 
(Lot 
Tolerance 
Percent 
Defective) 
method 
of quality 
assurance 
has 
gained 
increased 
acceptance 
in recent 
years. 
Under 
this 
procedure, 
assurance is given that only infrequently 
(generally 
10% of the 
time) lots with a poorer quality 
than that specified will be passed. Since 
under this plan the user is protected 
against receiving poor quality 90% of 
the time in comparison 
to the AQL system which protects the manufacturer 
from rejecting good quality product 
95% of the time, the LTPD system is a 
"user risk" plan because the risk of the user is specified. 
The LTPD levels which are typical 
for current military specifications 
are an LTPD of 5 with a minimum rejection number of 5 for mechanical and 
environmental 
tests, and an LTPD per 1000 hours* of 10 for life test. No 
minimum rejection number is usually given for life test because test cost will 
limit the size of the samples which can be life-tested 
for 1000 hours. The 
cost of testing 
may be a definite 
limitation 
upon 
the level of reliability 
assurance which may be verified by acceptance testing. This is especially true 
when acceptance 
tests are performed 
by sampling lots of rectifiers 
which 
have been accumulated 
in response to specific customer 
orders. The degree 
of reliability assurance which can by this method be economically provided 
for specific orders is probably limited to an LTPD of 10%. 


*LTPD per thousand hours is designated A. 
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The relationship 
between 
AQL and LTPD is illustrated 
by Figure 2. 
This curve is the operating characteristic 
for an AQL of 4.0% at sample sizes 
15 and 
150. An operating 
characteristic 
may be said to be a measure of 
ability of an acceptance 
plan to distinguish 
between acceptable 
and reject 
lots. 
The 
ideal operating 
characteristic 
is a vertical 
line intersecting 
the 
abscissa at the desired quality level. (This ideal operating 
characteristic 
can 
only be achieved by 100 percent inspection. 
At less than 100% inspection, 
the operating 
characteristic 
is a measure of the degree with which the results 
of the sample test assure the quality 
of the total lot.) For smaller sample 
sizes, the effectiveness 
of the AQL procedure 
in assuring quality becomes 
poor. In Figure 2 for a 4.0% AQL, a sample size of 150 will permit I lot out 
of 10 with an II percent 
defective 
to pass, while a sample size of 15 will 
permit a lot with 25% defectives to pass 10% of the time. Under the LTPD 
procedure 
the sampling plan is such that the lower end of the operating 
characteristic 
is controlled 
so that no more than 1 in 10 lots can pass if the 
specified LTPD is exceeded. 
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Under 
the 
LTPD 
plan; 
sample 
size 
is independent 
of 
lot 
size. 
MIL-S-19500 
lists sample sizes and the number 
of rejects permitted 
for 
various LTPD's. The percent defective, permitted 
in a sample size required to 
assure a specified LTPD, increases as the sample size increases. Under a pure 
LTPD plan, the percent 
defective 
permitted 
in the sample approaches 
the 
actual specified LTPD as the sample size approaches 
100% inspection. 
The LTPD's included 
in typical 
military 
specifications 
are generally 
larger than the AQL's formerly specified. Thus, for large-sample sizes greater 
quality assurance protection 
might be obtained from a typical AQL military 
specification 
than 
from 
an LTPD specification. 
Since the purpose 
of the 
military specification groups in adopting the LTPD system was not to reduce 
the 
known 
quality 
of components 
accepted, 
but 
to reduce 
the risk of 
material 
of poor quality 
being unknowingly 
passed due to sampling risk, a 


modified 
LTPD plan is in general use today. Under this modified LTPD plan 
a maximum 
acceptance 
number or minimum rejection number is specified. 


(Minimum rejection 
number equals maximum acceptance number plus one.) 
Under this procedure 
the quality may be verified by selecting a sample not 
larger than 
a specified 
size. The lot may be accepted 
by testing smaller 
"ample sizes, but the permitted 
percent defective of the sample is less. 
This modified LTPD plan gives added consumer protection 
against the 
possibility of receiving poor quality because of the risks involved with small 
lot and sample sizes, which might occur under the AQL system. Yet this plan 
limits the minimum 
quality 
which can be shipped to that which would be 
assured by an equivalent AQL for large lot sizes. 


Criteria of failure: The criteria of failure (end points) is the third factor 
in specifying reliability assurance. Three methods of specifying failure are in 
common usage today. These are: 


(1) The end point limits are the same as the initial electrical limits. 


(2) The end point limits are relaxed from the initial limits. 


(3) The maximum shift of parameter characteristics 
are specified on an 
individual basis. 


The second method 
has been the most widely used. The first method is 
often 
used for "high reliability" 
specifications, 
but its value is somewhat 
questionable. 
This method 
of specifying end-of-life limits does not take into 
account any possible inaccuracy in repeating parameter measurements 
during 
a test of several weeks. If minor shifts in rectifier characteristics 
are causing 
problems 
in meeting 
the end point limits, the manufacturer 
can institute 
a 
parameter screen to select rectifiers to tighter than the specified initial limits. 
Thus, in effect, no greater parameter 
stability 
than given by method 
two is 
assured. Specifications 
which have identical initial and end-of-life limits may 
dictate that the quality assurance provisions, (i.e., AQL or LTPD), be quite 
loose in order to avoid lot rejection due to relatively minor parameter 
shifts 
or inability to precisely repeat measurements. 
The third method, 
which is to specify permitted 
parameter shift on an 
individual 
basis, has considerable 
merit for assuring the delivery of stable 
rectifiers. 
This method 
is the most expensive of the three to implement, 
because 
it requires 
that data on each characteristic 
be recorded 
and that 
calculations 
be performed 
on the 
shift 
of each 
characteristic 
for each 
rectifier 
to 
determine 
if the 
lot 
meets 
the 
specified 
quality 
assurance 
provisions. A precaution 
which must be observed when this method is used, 
is to be sure that measurement 
accuracy is much greater than the parameter 
shift permitted. 
A specification 
using parameter 
shift as a criteria should 
specify 
a percent 
shift 
or an absolute 
value, whichever 
is greater. 
For 
example, for a rectifier with an initial limit for IR of 1 microamp, the end of 
life limit in relation to the initial values could be specified as +50% or +0.5 
microamps, whichever is greater. 


In the 
specification 
of end 
points, 
a careful 
compromise 
must 
be 
reached between making the end points tight enough so that poor reliability 
will be detected, 
and yet not so tight that any minor shift in characteristics 
will reject the lot. Probably 
the best compromise 
is the use of double end 


points. This would consist of a relatively tight limit, perhaps a maximum 
shift of parameters, to a relatively loose LTPD, and looser limits to a tighter 
LTPD. For lot acceptance both criteria must be met. It should be noted that 
with this method the sample size which must be tested is dependent upon 
the tighter LTPD (or AQL), so this will govern the test cost. 


Failures Permitted: 
In addition 
to 
the elements 
of stress applied, 
sampling used, and criteria of failure, the number of failures permitted 
remains 
to 
be 
considered 
in 
order 
to 
adequately 
specify 
acceptance 
procedure for reliable rectifiers. The number of rejects permitted, of course, 
depends 
upon 
the 
quality 
assurance required. 
The use of a reliability 
assurance plan which permits no rejects should be avoided because the 
possibility of a random failure exists even in the most reliable product and 
the most carefully conducted tests. 


ACHIEVING 
RELIABLE SYSTEM PERFORMANCE 
Reliable system design must 
consider 
two basic requirements, 
the 
selection of reliable components 
and the proper circuit design. Factors to 
consider in choosing components 
and a checklist for circuit design are 
presented in the following sections. 


Selecting Rectifiers: 
The foundation 
upon which any reliable equip- 
ment 
design 
must 
be 
based 
is reliable 
components. 
Without 
reliable 
components 
even the 
most 
careful 
design cannot 
result in maximum 
equipment reliability. Of course, the prime consideration in the choice of 
rectifier type is its capability to perform the electronic function required. 
Generally, at the circuit design stage, anyone of a number of types could be 
selected to give satisfactory performance. 
However, the reliability of these 
types may not be equal. A number of factors must be considered in the 
choice of a rectifier type when reliability is of prime importance: 
There are: 


(I) 
Has the reliability of the device under consideration been proven? 
New 
rectifier 
types 
with 
better 
electrical 
characteristics 
are 
constantly being announced. There is too often a tendency on the 
part of circuit designers to select these devices because of their high 
performance 
capabilities. It must be noted that it takes time to 
adequately prove the reliability of a rectifier and that, generally, 
the reliability of newer types has not been verified to the extent of 
older types. 


(2) Has the rectifier been in production long enough for any problems, 
which may adversely affect reliability, to have been eliminated? 
Early in the production phase of a rectifier type, major emphasis is 
often given to process improvement to improve electrical charac- 
teristics. As the production process and yields improve, reliability 
will generally also improve. 


(3) Is the rectifier 
type under consideration 
a major portion of the 
manufacturer's 
yield? A characteristic 
of the semiconductor 
in- 
dustry 
has been 
that 
a number 
of types of varying electrical 
characteristics are simultaneously produced on the same line. As 
manufacturing experience is gained, the process can be adjusted to 


increase production of the most desired types. However, it is often 
true that a type which represents a small percentage of the yield of 
a production line may have some abnormality which will make its 
reliability different from the majority of the line output. 


(4) Does 
the 
rectifier 
manufacturer 
have a good 
reputation 
for 
integrity 
and competence? 
This criterion is probably 
the most 
significant of all listed. It is really the basis for the 3 listed above. A 
well-known manufacturer with a good reputation for reliability has 
demonstrated 
his interest in producing a good product and fairly 
representing 
it. This type 
of manufacturer 
will take the time 
necessary to assure reliability. 


Circuit Design Considerations 
The selection of the most reliable rectifier to perform the required 
function is basic, but it is only the first step in assuring the reliable circuit 
operation. 
Several circuit 
design considerations 
to 
assure reliable per- 
formance follow: 


(1) When possible, circuit performance should be based upon the most 
stable parameters. 


(2) Realistic limits for component variations due to tolerance, tempera- 
ture, and time should be used. Wider limits must be allowed for 
characteristics which are less stable, such as IR, than those which 
show good stability with life. 


(3) Circuit design which is dependent upon rectifier characteristics that 
are uncontrolled can lead to poor reliability and should be avoided. 
If circuit performance is dependent·upon 
rectifier characteristics 


which are not 
specified, and thus not 
controlled, 
there is no 
assurance that subsequent production 
will have the same charac- 
teristics. 


(4) The 
environment 
which the 
rectifier, 
circuit, 
and system en- 
counters during assembly, testing, and use, must be controlled to 
assure maximum reliability. 


(5) The use of derated operating conditions can be a factor to secure 
reliable circuit performance. The conditions to be derated and the 
amount of derating must be carefully determined to insure reliable 
circuit operation and still maintain required performance. Circuit 
performance and reliability, in this sense, compromise each other. 


Derating: 
The relationship of derating and reliability has been intro- 


duced in previous sections, but it warrants added emphasis. The manu- 
facturer must conduct his reliability tests under accelerated conditions at or 
above maximum 
device ratings 
because 
of 
time 
and cost limitations. 
Furthermore 
it is necessary to obtain data quickly which can be fed-back 
into 
the manufacturing 
line to enable corrective action to be taken if 
necessary. 


The amount of rectifier derating which should be employed for any 
application depends upon a number of factors: 


(1) The system reliability requirements. 


(2) System design constraints 
such as size, weight, power supply, 
capacity, etc. 


(3) The crossover point 
between 
the rectifier reliability gained by 
derating and the loss of reliability by added circuit complexity. 


(4) The point of diminishing returns where added derating will not 
.,crease rectifier reliability significantly. 


(5) The cost of components 
having specifications better 
than that 
dictated solely by electrical requirements. 


Of course these questions 
can only be answered for a particular 
equipment design and for a particular type. However, some general rules can 
be stated as guides: 


(1) Junction 
temperature 
is probably 
the 
most 
significant 
factor 
affecting semiconductor 
reliability. 
Limiting the maximum junc- 
tion temperature rise to approximately 50% of maximum ratings is 
probably the most effective method of improving reliability. A fact 
which must be remembered in any consideration 
of temperature 
derating is the method 
of verifying rectifier dissipation ratings. 


Some 
types 
are 
life-tested 
under 
rated 
dissipation 
at 
room 
temperature 
and by a non-operating 
life-test at or above rated 
junction 
temperature. 
This 
method 
of life-testing 
is valid to 
guarantee 
the 
derating 
curve 
only 
if the 
room 
temperature 
operating test brings the junction to maximum operating tempera- 
ture. 
If rated junction 
temperature 
is not reached 
during the 


operating life-test, a higher failure rate may be encountered 
than 
anticipated, 
if the rectifier is operated at an ambient temperature 
higher than 25°C. 


(2) Since unpredicable 
voltage transients 
account 
for a significant 
percentage 
of field failures, derating voltage by 50% is a good 
practice. 


(3) The maximum feasible derating of mechanical stresses is desirable 
for maximum reliability. 


PRECAUTIONS 
FOR THE EQUIPMENT 
MANUFACTURER 
To 
insure 
maximum 
rectifier 
reliability 
from incoming inspection 
through 
outgoing 
system final test, a number of prer.autions should be 
observed. Among these are: 


Handling Precautions: 


(1) Rectifiers 
should. be handled 
in 
a manner 
which 
avoids the 
possibility of sudden shocks being applied, such as those encoun- 
tered in dropping from a work bench to a hard floor. Damage done 
to the rectifier by such shocks may not be detected by subsequent 
testing, yet may cause poor system reliability. 


(2) Any lead trimming or other handling operation should be done 
with care to avoid damaging the leads or the glass header seals. 


Hand trimming of leads with pliers should be avoided unless care is 
taken to avoid pulling the leads. 


(3) Care must be taken during all soldering operations. Hand soldering 
should be avoided if possible. If hand soldering is done, a heat sink 
such as a pair of pliers should be clamped on the lead between the 
point of application of the soldering iron or gun and the rectifier. 
Dip 
soldering 
should 
be limited· to 
the 
minimum 
time 
and 
temperature 
required to make reliable connections. It is unsafe to 
exceed the general specification 
to which diodes are tested for 
solderability. This is IO±2seconds at a temperature of 230°C ± SoC 
at a point 1/16 ± 1/32 inch from the diode body. 
Precautions 
should be taken to prevent solder or flux bridging 
which causes a conductive path across the case of the rectifiers. 


(4) Ultra-sonic cleaning of printed circuit boards should be carefully 
controlled. The energy level used should be the minimum possible. 
The presence of standing waves in the bath should be avoided, 
perhaps by the use of a source with slightly varying frequency. The 
board should be held as firmly as possible to minimize ultrasonic 
vibration. The particular method of ultrasonic cleaning to be used 
should be thoroughly evaluated to assure that it does not cause 
damage. 


Testing Precautions: 


(l) 
Voltage and current 
surges must be avoided at any system test 
station. 
The rectifier leads should be grounded 
during any test 
system 
switching. 
The 
transmission 
of 
surge voltage 
through 
common power lines to test systems has caused failures. 


(2) For all leakage tests, a suitable resistor should be placed in series 
with the rectifier under test and the supply, to limit the current in 
case of high leakage or a short. If this is not done, complete 
destruction of the rectifier could occur which will prevent further 
analysis of the failure. Care should be exercised to insure that 
thermal runaway will not occur if dc leakage is being measured at 
high temperatures. 


II 
CHAPTER 
13: RECTIFIER 
SELECTION 
CONSIDERATIONS - SERIES 
AND 
PARALLEL 
CONNECTIONS 


The three major parameter 
extremes 
encountered 
in rectifier applica- 
tions are voltage, current, 
and speed. In each case, there is more than one 
way 
to achieve the desired 
performance, 
but 
some of these 
approaches 
represent 
a compromise 
of other characteristics. 
The user must be aware of 
these trade-offs if the best cost/performance 
ratio is to be obtained. 


HIGH VOLTAGE APPLICATIONS 
There 
are several 
techniques 
that 
can be 
used 
to obtain 
rectified 
voltages in the 
lO kilovolts 
and higher range. For purposes 
of discussing 
rectifier 
requirements 
the approaches 
may be grouped into direct rectifica- 
tion and multiplying 
rectification. 
The direct method 
uses an ac voltage source sufficient 
to provide the 
required dc voltage. The rectifier could be half-wave, full-wave, or a full-wave 
bridge assembly. 
In ~contrast, the multiplier 
approach 
uses an ac voltage 


source that supplies only a fraction of the final voltage needed into a special 
rectifier-capacitor 
network 
to achieve the final voltage. A more complete 
discussion of multiplier circuits can be found in Chapter 7. 


The simpler direct approach 
places a more severe burden on the diode 
in high voltage schemes since there is a practical voltage limit that a single 
silicon diode can handle. This limit, about 2kV, represents 
the state-of-the- 
art in single-cell units. 
Although 
higher voltage diodes are possible, they 
suffer 
from 
a higher voltage 
drop 
and a lower frequency 
response; 
the 
necessarily large depletion 
region in a high voltage device requires a phys- 
ically wide high resistivity region. 
The obvious solution 
to this dilemma is to series-connect 
several diodes 
into 
a "stack" 
to get the needed voltage capability. 
Unfortunately 
when 
diodes 
are connected 
in this manner, 
operating 
failures occur unless the 
diodes are closely matched 
or compensated. 
Reasons for the failure can be 
explained 
by examining 
Figure 
1. When reverse leakages are not matched 
(represented 
by 
R 
in 
the 
simplified 
model), 
then 
the 
reverse 
voltage 
impressed 
on the string is divided 
unevenly 
across the units and usually 
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Figure 1 - A diode string with a simplified model showing reverse leakage 
(RI, and distributed 
capacitance 
(e). 


places 
operation 
in 
the 
breakdown 
region 
for 
the 
unit 
with 
highest 
resistance. 
If one unit fails, it places an increased voltage across the others 


resulting in another 
failure, and so on. A fast rising input pulse (transient, 
turn-on spike, or wavefront 
when phase control with SCRs or triacs on the 
input ac is used) can also be unequally shared if the diode RC time constants 
are not equal. 


In the past, series units were compensated 
by the addition of a parallel 
resistor 
and 
a capacitor 
to 
each 
cell that 
would 
dominate 
the 
diode 
characteristics. 
In addition 
to degrading the rectifier circuit characteristics, 


the network 
adds bulk and cost. The only alternative is to carefully match 


each cell going into a series string. This too can be expensive for the user 
since it involves considerable 
testing; 
for successful 
implementation, 
five 
basic 
parameters 
must 
be matched: 
turn-on 
time, 
reverse-recovery 
time, 


reverse breakdown, 
capacitance, and reverse leakage. This overwhelming task 
can be done by the manufacturer 
relatively easily and with a considerable 
cost advantage as will be seen. 


HIGH CURRENT 
APPLICATIONS 


Several techniques 
are in use to provide rectifier systems with current 
outputs 
in excess of the capability 
of a single die. Die capability is limited 
because as current requirements 
are increased, junctions 
must become larger 
and 
larger. 
Large-area 
rectifier 
junctions 
cannot 
be made 
without 
some 
imperfections 
and the larger the area, the greater the number of imperfec- 
tions. 
When current 
is passed 
through 
such a device, the current 
is not 
necessarily distributed 
equally over the entire area. Some areas will assume 
more than their normal 
share of current, 
and these high-current 
areas may 
ultimately 
result in high heat density 
areas ("hot 
spots") 
which can cause 
thermal 
fatigue and deterioration. 
During abnormally 
high current 
surges, 


such thermally 
stressed or deteriorated 
areas can assume excessive current 


and destroy the entire rectifier. 


At currents where a single rectifier die becomes either too unreliable or 


costly, some means of parallel connection 
and current balancing among units 
must be employed. The user has two options: 


(I) 
a factory 
matched 
and assembled unit may be purchased, 
e.g., a 
"multi-cell" 
assembly; 


(2) standard or matched 
units may be purchased 
and assembled under 
the direction of the user. 


Factors 
to 
consider 
when 
pursuing 
either 
option 
are discussed 
in the 
following sections. 


Multi-cell Assemblies 


Instead of using an extremely large-junction rectifier, Motorola employs 


a number 
of perfect 
(for all practical 
purposes) 
small-junction, 
medium- 


current 
units connected 
in parallel to provide practically 
any desired total 


current 
rating. 
Breaking up the large rectifier 
junction 
into many 
small 
rectifier junctions 
permits the selection of "perfect" 
devices which then are 


connected 
in parallel. 


To 
overcome 
the 
basic 
problem 
inherent 
in the 
use 
of multiple 
paralleled 
rectifier 
cells, i.e., achieving equal current distribution, 
Motorola 
matches 
and guarantees 
the forward-voltage 
characteristics 
of each cell to 
within 20 millivolts at 100 amperes. These closely matched rectifier cells are 
then 
mounted 
on a common 
copper 
base in a manner 
which intimately 
couples each cell thermally. 
Under normal operating conditions, 
the thermal 
difference between cells is so low that any current unbalance is negligible. 
Other advantages 
of the parallel-cell concept 
areas are as follows: 


(I) 
the entire 
rectifier 
assembly can be factory 
tested prior to final 
assembly and any substandard 
cells can be replaced; 
(2) a number 
of reserve cells can be "built 
in" to provide an extra 
curren t margin; 
(3) current-handling 
potential 
is virtually 
unlimited 
(a 2,000-ampere 
unit has performed 
satisfactorily); 
(4) higher current 
devices mean a sharp reduction 
in the number 
of 
expensive 
"accessories" 
(balancing 
transformers, 
paralleling 
re- 
actors, etc.) previously required on many applications; 
(5) the user can bolt 
the unit 
to busing without 
a torque 
wrench. 


There is virtually no possibility 
of damaging the individual cells by 
overtightening 
either the stud bolt or the lead connection, 
because 
there is no fragile insulator-to-metal 
hermetic seal between external 
leads and case (an inherent characteristic 
of single-junction devices). 


Parallel Connections 


Certain 
applications 
may still arise which require considerably 
greater 
currents 
than can be drawn from circuits with one rectifier per leg. When 
rectifiers must be paralleled, the current loads through each rectifier must be 
balanced. 


In order to attain the proper division of current when paralleling silicon 
diodes, the following procedures are in current use: 


(1) factory matched forward characteristics. 
(2) the addition of resistance or reactance in series with each diode. 
(3) balancing transformers 
or separate transformer 
windings. 


Factory 
matched 
diodes are selected 
so that they will divide current 
properly during the normal steady-state 
conduction 
and the overload or fault 
conditions. 
Depending 
on the manufacturer's 
recommendation, 
the average 
current 
rating per diode must be lowered 
in order to compensate 
for the 
known unbalance 
that will remain. Use of a common heat sink is mandatory 
in order to keep the junction 
temperature 
nearly the same and thus assure 
voltage tracking with current and ambient caused temperature 
changes. 
Generally 
no more than six to ten diodes should be paralleled unless 
careful 
consideration 
is given to the bus reactance 
and resistance 
design. 


Resistors used in series are the simplest method 
of forcing current 
division 
and are generally 
chosen so that 
the combination 
has a peak voltage drop 
approximately 
30% higher than the diodes alone at the normal load current. 


(Fuses, in series with each rectifier, 
may supply all the resistance required.) 
In this manner, 
current 
division is markedly 
improved 
but unfortunately, 


more 
power loss is introduced 
into the equipment. 
The use of individual 
reactors in series with each diode offers a better choice from the standpoint 
of efficiency. 


Use 
of 
balancing 
transformers 
is a very 
effective 
means 
of forcing 
proper 
current 
balance 
and may be less expensive 
than purchasing 
factory 
matched 
units. 
The transformers 
consist of laminated 
iron cores usually with 
single-turn 
primary 
and secondary 
windings. The current 
from two diodes in 
parallel 
passes around 
the core in opposite 
directions 
so that any unbalance 
will 
induce 
a voltage 
which 
serves 
to 
correct 
the 
unbalance. 
The 
basic 
technique 
is shown in Figure 
2. Its extension 
to larger numbers 
of rectifiers 
is illustrated 
and briefly discussed in Figure 3. 
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la) Balancing 
Reactors 
Used 
with 
Diodes 
in an 
extension 
of the 
basic 
circuit. 
Transformer 
T3 must 
handle 
twice the 
current 
of T 1 or T2; T4 must handle 
twice the current 
of T3. etc. 


(b) Balancing Reactors 
in a Closed-Chain 
System. 
Each 
winding 
cerries 
only 
the 
current 
of one 
diode. 


II 
CHAPTER 14: HIGH FREQUENCY 
APPLICATIONS CONSIDERATION 


The 
term 
fast 
recovery 
has become 
synonymous 
with high speed 
or 


high 
frequency 
diodes 
since 
the 
longest 
time 
delay 
in switching 
a p-n 
junction 
is the 
reverse 
recovery 
time. 
This delay 
is the 
time 
it takes 
for 


charge carriers 
to recombine 
across the junction. 
During 
this period 
there is 


also a momentary 
but 
high reverse 
current 
flow. 
In a filtered 
supply 
this 


recovery 
"spike" 
is absorbed 
by the filter capacitor, 
but the power 
loss in 
the rectifier 
may be significant 
at high frequencies. 


The 
recovery 
time 
of a rectifier 
can be shortened 
by providing 
more 
recombination 
sites 
for 
the 
charge 
carriers. 
Some 
manufacturers 
use 
radiation 
techniques 
to generate 
crystal dislocations 
that serve as recombina- 
tion centers. 
While this technique 
has proved successful 
for small signal units, 
it leads to poor reliability 
and a short life in power devices. Gold doping has 
been 
found 
to 
be 
a very 
effective 
method 
for 
establishing 
additional 
recombination 
centers 
and, 
though 
it raises the band 
gap of the material 
tslightly 
increasing 
forward 
voltage drop and reverse leakage), 
it provides 
the 
best reliability-lifetime 
characteristics. 


The Schottky 
Barrier or Hot Carrier diode 
operates 
on a different 
princi- 
ple than a conventional 
p-n junction. 
No minority 
carrier flow occurs: 
hence 
there 
is no charge storage and no reverse recovery 
time. No real reverse pow- 
er loss results, 
even though 
a reverse transient 
current 
occurs; 
the current 
is 
simply 
a displacement 
current 
drawn 
by the barrier 
capacitance. 
Rectifica- 
tion 
efficiency 
measurements 
indicate 
that 
operation 
is satisfactory 
up to 
the megahertz 
region. 


The use of a barrier metal, as in the Schottky 
diode, reduces 
the band gap 
well below 
that 
of conventional 
p-n junctions. 
The resulting 
low forward 
drop 
is another 
feature 
of the Schottky 
device, but it is also accompanied 
by 


an increase 
in reverse 
current 
according 
to the law of the junction. 
(See 
Chapter 
I). Because 
reverse current 
is high and increases 
with temperature, 


proper 
attention 
must 
be devoted 
to the thermal 
design 
to avoid thermal 
runaway 
as discussed 
in Chapter 
2. However, 
the reverse power loss is more 
than compensated 
for by the low forward 
power loss. 


COMPARISONS 
OF SCHOTTKY 
RECTIFIERS 
MADE WITH DIFFERENT 
BARRIER 
MET ALS* 


Summary 


Comparisons 
are made between 
Schottky 
Rectifiers 
made with different 
barrier metals. 
Forward voltage and reverse current. are examined at high tem- 
peratures 
and power losses computed. 
It is found that Platinum barrier 
devices 
offer lowest overall power losses due primarily to their low forward voltage at 
high current levels combined with relatively low reverse current. Chrome barriers 
produce the lowest voltage drop at low current levels but have the highest reverse 
leakage current. Molybdenum and Tungsten barriers occupy intermediate positions. 
Schottky 
rectifier 
diodes 
were purchased 
from various manufacturers 
to 
obtain a sufficient sample size of diodes having different barrier metals. In order 
of increasing 
barrier height, the metals are of chromium, 
molybdenum 
(moly), 


tungsten and platinum. Forward and reverse data were obtained over a wide range 
of operating conditions. 
From this data, typical forward and reverse characteristics 
were fOUl.J for each barrier 
metal. 
However, 
since the commercial 
products 
available vary in die size, it is necessary to normalize the data because the forward 
voltage drop is a function of current density and reverse current is proportional 
to die area. Thus normalized, 
the data reflects the inherent differences 
due pri- 
marily to barrier metals (similar EPI's assumed). 


Figure 
1 shows the results of the tests when normalized 
to a die area of 
160 x 160 mils at a temperature 
of 125°C. At low currents, the forward voltage 
reflects the barrier height. Chrome is lowest at currents below 55 amperes, while 
platinum is lowest at currents above 50 amperes. Furthermore, 
platinum exhibits 
a drop lower than the next best material, moly, down to a current of 11 amperes. 
Therefore, 
this data indicates 
that different 
barrier metals will provide lower 
forward losses in different current ranges. 
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The reverse 
leakage as shown in Figure 2 also shows the expected rela- 


tionship to barrier height. Chromium is quite high and tungsten is the lowest; the 
platinum 
diodes are a close second behind the tungsten, 
particularly 
at higher 
voltages. 
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The significance of the data is evident when it is translated into power losses. 
Figure 3 is a plot of the peak forward power loss of the various rectifier diodes; 
the reverse power losses are shown in Figure 4. Rectifier diodes of this die area 
would normally be housed in a 00-5 
package having a thermal resistance limit 
of 1°C/Wand 
would be rated to handle approximately 
50 amperes average of 
square wave current 
(100 A peak) so that a pair of diodes would produce 
an 
output of 100 Adc in a full wave circuit. 
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For comparative 
purposes, 
power losses are computed for these diodes in 
four common power supplies, 
as shown in Table I. The components 
of reverse 
and forward losses are shown for each b~er, 
based on a 50% duty cycle, that 


is, equal conducting 
and blocking times. 


It is evident 
that the platinum 
devices offer the lowest losses under all 
conditions. 
The chrome barrier is quite close in the 50 A, 5.0 V supply and moly 
ranks second in the 100 A applications. 


TYPICAL 
LOSSESIN 
COMMON FULL WAVE 20 kHz RECTIFIER APPLICATIONS 


DC OUTPUT CURRENT, In 
100A 
100 A 
50 A 
50 A 
DC OUTPUT VOLTAGE, Vo 
5.0 V 
12 V 
5.0 V 
12 V 


Rectifier PIV* (volts) 
10 
24 
10 
24 


Diode reverselosses/cycle (watts) 
Cr 
0.75 
2.80 
0.750 
2.80 
Mo 
0.14 
0.60 
0.14 
0.60 
Pt 
0.06 
0.19 
0.06 
0.19 
W 
0.017 
0.09 
0.017 
0.09 


Peak rectifier current (amps) 
100 
100 
50 
50 


Diode forward losses/cycle (watts) 
Cr 
39.5 
39.5 
14.0 
14.0 
Mo 
38.0 
38.0 
15.5 
15.5 
Pt 
33.5 
33.5 
14.0 
14.0 
W 
41.0 
41.0 
16.0 
16.0 


Total power loss/diode (watts) 
Cr 
40.3 
42.3 
14.8 
16.8 
Mo 
38.1 
38.1 
15.6 
16.1 
Pt 
33.6 
33.6 
14.1 
14.2 
W 
41.0 
41.0 
16.0 
16.1 


*PIV 
is typically 
chosen to 
be about 
four 
times Vo 
for 
a practical 
design. For these calcu- 
lations, 
it 
was assumed that 
the 
PIV 
actually 
seen in each case was only 
two 
times Vo; 


i.e., transient voltages are negligible. 


Transient effects have been neglected in this study as tests have not detected 
any significant 
effects 
in Schottky 
rectifier diodes when used in high power 
conversion equipment. 
Transient effects may exist, but the rate of rise achievable 
at high current levels is insufficient 
to reveal any significant diode forward 
or 


reverse recovery 
time. Overshoot 
voltages during turn-on have been observed, 
but these are due to the package lead inductance and do not contribute to power 
losses. 
The difference 
in power losses between the various barriers may not seem 
particularly 
significant when compared to the overall power level of the supply. 
That is, who cares whether a few watts can be saved in the 100 A,S.O V supply 
since 500 watts are being handled. 
However, 
the power saving shows up sig- 
nificantly 
in th~ heat sink requirements 
as illustrated in Table II. Note that the 
chrome and tungsten parts require about 50% more heat sinking than platinum. 
The Table is based upon TJ(MAX) 
= 125°C. 


TABLE II 


TOTAL RECTIFIER HEAT SINK REQUIREMENTS 
FOR 
100 A, 12 V SUPPLY AT TA = 55°C, TJ(AV) = 125°C, ROJC= 10CIW 


Minimum 
Rectifier 
Maximum 
Heat Sink 
Circuit 
Allowable 
Thermal 
Barrier 
Power Loss 
CaseTemp. 
Resistance 
(watts) 
(OC) 
(oCIW) 


Cr 
84.6 
82.7 
0.32 


W 
82.0 
84.0 
0.35 


Mo 
76.2 
86.9 
0.42 


Pt 
67.2 
91.4 
0.54 


TRANSIENT 
RESPONSE 
MEASUREMENTS 
OF HIGH SPEED 
RECTIFIER 
DIODES* 
Selecting 
a rectifier diode for use in high frequency converter circuits in- 
volves a number of trade-offs and a number of circuit constraints must be con- 
sidered. 
Many of these have been discussed by Fred Blatt.(l) In summary, 
the 


characteristics 
to be balanced include primarily forward voltage (VFM), reverse 
voltage (VRWM), 
and reverse recovery time (lrr). The Schottky barrier diode is 
generally regarded as the best choice for low voltage supplies (12 volts or less) 
because 
of its extremely 
low forward 
voltage drop, 
which, 
coupled 
with its 
freedom 
from stored charge effects, 
yield a low loss rectifier circuit. However 
presently available VRWM is limited to 50 V. Recently, p-n junction devices often 
made by a combination 
of ion-implantation 
and epitaxial technology have been 


introduced 
which offer high speed and voltage ratings to 150 V, with forward 
drops somewhat 
lower than the ordinary 
fast recovery rectifier diodes. These 
diodes appear to warrant first consideration 
in supplies in the 10 to 24 volt range, 
particularly 
If voltage transients are a problem. The ordinary fast recovery device 
is often satisfactory 
in higher voltage supplies. Switching speed of any of these 
diodes is satisfactory 
from a rectifier efficiency point of view if operation is not 


*BilI Roehr; printed in EDN, May 5, 1979. 


1Fred M. Blatt, "Pick the Right 'Fast' Rectifiers to Design Switchers Effectively," 
EDN January 20, 1978. 


much over 20 kHz, but the slower the diode, the higher the penalty in terms of 
switching 
losses in the transistors and a demand for transistors with higher safe 
operating 
area. 
One problem in making a suitable selection is the lack of satisfactory 
test 


standards 
for very high speed rectifier diodes; consequently, 
switching data pub- 
lished in the literature sometimes yields contradictory results. A JEDEC standard 
does exist which is satisfactory for the 100 to 200 ns fast recovery rectifiers which 
have been on the market for years. The test conditions are set up to achieve a 
di/dt decay of forward current of 25 Alj.LS (far too slow to distinguish 
between 
Schottky 
and other ultra-fast 
devices currently available), 
and a peak forward 


current of 3 to 4 times· the rectifier dc current rating (a desirable objective 
but 
not essential particuiarly 
if achieved at the expense of dildt), but reverse voltage 


is not controlled 
(a source of serious error for Schottky devices which have a 
large junction 
capacitance). 
Users have also raised questions concerning 
over- 


shoots observed during turn-on and are concerned that forward recovery may be 
an important but neglected factor in determining power losses. Also, since most 
Schottky devices are constructed 
with a p-n junction guard ring surrounding 
the 
Schottky barrier, questions have arisen concerning the validity of the assumption 
that reverse recovery time can be ignored because Schottkies are majority carrier 
devices. 


Test Method 
For High Speed Rectifier 
Diodes 


To resolve, or at least shed some light on these questions, a very fast high 
current test circuit was developed. 
It is shown schematically 
in Figure 
1 and is 


similar in some respects 
to the power conve11er circuitry in which high speed 
rectifiers find use. For fastest speed it is important that the transistors be driven 
from a low impedance 
source such as complementary 
emitter followers. The R- 


C network 
in the collector 
sharpens up the leading edges of the current pulse 
while the Zener clamp permits a large flyback voltage to occur thereby sharpening 
up the falling edge. The values shown permit currents up to 50 A to be achieved 
with a falling dildt of about 350 Alj.Ls. Up to the point where transformer leakage 
and circuit inductance prevent faster dildt from being achieved, collector circuit 
values can be altered to obtain various output currents and falling dildt. 
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Test Results 
A 50 ampere diode current pulse is shown in Figure 2. The initial 20 amperes 
is achieved in about 0.2 IJ-s,which is a dildt of approximately 
100 A/IJ-S;similarly 
the fall time rate from 50 amperes is about 350 A/IJ-s. 
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a) 
Overall 
Pulse 
Time 
Scale: 
5 ILS/Div. 


b) 
Rising and Falling 
Edges 
Time 
Scale: 
0.2 ILS/Div. 


FIGURE 
2 
Rectifier 
Current 
Waveforms 
from 
Circuit 
of Figure 
1 with 
Schottky 
Diode 
Installed. 
Current 
Scale: 
10 A/Div. 


Figure 3 shows the turn-on current and voltage waveforms for three different 
diodes using the same horizontal and vertical scales. A peak: voltage of about 1.3 
volts is observed at the Schottky diode terminal (see "a" 
top voltage trace), but 
by placing 
the probe on top of the die (via a hole cut into the package), 
the 
overshoot 
is non-existent 
(see "a" 
lower trace). 
Therefore, 
the overshoot 
is 
caused entirely by lead inductance. 
Parts band 
c show turn-on for an ultra-fast 
p-n diode and a conventional high voltage fast recovery p-n diode. Note that these 
devices exhibit some overshoot at the die, although the ultra-fast diode overshoot 
is small and barely discernible 
in the photo. 


FIGURE 
3 
Turn-on 
Waveforms 
of Various 
Diodes 
Showing 
Current, 
Voltage 
at 
Terminal, 
and 
Voltage 
at 
Top 
of Die. Current 
Scale: 
10 A/Division. 
Volt- 


age 
Scale: 
1 
Volt/Division. 
Time 
Scale: 
0.2 
ILS/Division. 
Voltage 


c) 
Standard 
Gold 
Diffused 
Fast 
Recovery 
p-n Diode 


The reverse characteristics 
of the three types of diodes under consideration 
are shown 
in Figure 
4. The differences 
in recovery 
characteristics 
are quite 
pronounced. 
The Schottky diode shows a peak: reverse current of about 3 amperes 
coupled with some ringing; the peak: reverse voltage generated is 60 volts. The 
conventional 
fast recovery device shows a 12 ampere reverse recovery current 
transient which lasts 120 ns; but due to its soft recovery characteristic, 
the transient 
voltage generated 
does not exceed the steady state reverse voltage of 40 volts. 


The ultra-fast 
diode, while only showing a peak: recovery current of 3 amperes 
lasting for about 30 ns, causes a voltage transient of about 115 volts because of 
an abruptness 
in the decay of the reverse current. 
To prevent EMI problems, 
snubbing would normally be required. The snubber, of course, imposes additional 
stress on the drive transistors. 


c) 
Standard 
Gold Diffused 
Fast Recovery 
p-n Diode 


FIGURE 4 
Turn-off 
Waveforms 
of Various 
Diodes 
Showing 
Current 
Decay 
and 
Reverse 
Voltage 
Transients. 
Current 
Scale: 
10 
A/Division. 
Voltage 
Scale: 


20 
V/Division. 
Time 
Scale: 
0.1 
j.ls/Division. 


The results of these tests should not be interpreted as being generally ap- 
plicable to a particular 
class of product, 
as different manufacturing 
techniques 


produce 
diodes with greatly different characteristics. 
For exampl.e, some con- 
ventional fast recovery diodes also have an abrupt current decay which produces 
high reverse overshoot voltage. The lesson here is rather that devices from dif- 
ferent vendors, 
even though having the same part number, should be evaluated 


to discern 
their recovery 
characteristics 
and that fast recovery 
is not always 


synonymous 
with high reverse overshoot voltage. 


Introduction 


Motorola 
recently 
ran some DO-5 rectifier tests in order to compare 
the 
performance 
characteristics 
of Schottkys, 
fast recovery 
and ion-implanted 
de- 
vices; Of particular concern was the forward recovery transient and how it might 
Possibly make Schottkys 
less efficient than similar fast recovery rectifiers. 
The 
tests turned out to be very informative 
in several ways. First, it was shown that 
the 1 to 2.0 V forward recovery transient was due strictly to package inductance 
and was not a dissipative 
problem. 
Second, the test results showed that simple 
temperature 
rise measurements 
can be very useful in determining 
which device 
is the most efficient for a particular application. 
Because 
of their low forward voltage drop (0.5 to 0.7 V), Schottkys 
are 
typically 
used instead of fast recovery rectifiers (0.8 to 1.0 V) as the rectifier 
elements 
for high current 5.0 V, 200 kHz, switchmode 
supplies. A single pair 
of Schottkys 
(70 A) could presently be used to provide up to 150 A to the load 
depending 
on the trade-offs 
available to the designer. 
In push-pull, 
bridge and 
forward converter supplies, the secondary voltage is about 8.0 V, and the rectifiers 
must block up to 30 V. Motorola's 
platinum Schottky blocking ratings now extend 
to 50 V at 150°C, so they would be adequate for most designs. 
However, 
the 
new lines of low voltage (100 V) fast recovery and ion-implanted 
devices are 
now becoming 
competitive 
(efficiency wise) in this area. 


8.0 V Supply 
(Adjust for IF = 75 A) 


DUTl 
(Mounted on 2" x 5/8" x 
1/8" copper plate) 


Scope 
_ 
Ground 


Pulse 
1.0 k 
Generator 2 
HP 214A 
100 


Current Transformer 
(PearsonModel 411) 


PulseGenerator 
and Supply Return 


Notes: 
1. Thermocouple embedded in 1/8" copper washer located between 
the packageand the copper plate. 


2. Generator output is 50 V, pulse width is adjusted for 20 IJS diode 
current pulsesand duty cycle of 4.0%. 


*R.J. 
Haver; printed 
in SOLID-STATE 
POWERCONVERSiON, 
May/June, 
1978. 


Test Philosophy 


In order to provide a 75 A, 20 Il-Scurrent pulse to the diodes under test, 
the diode, a load resistor and switching transistor were connected in series to an 
8.0 V supply as shown in Figure 
1. This 20 Il-Spulse simulates operation 
at 
20 kHz, 
and turn-on 
transients 
can be observed 
in this circuit without 
scope 
grounding 
problems. 
To reduce load and power supply requirements, 
the duty 
cycle was reduced from 40% to 4%, and essentially no heat sinking was provided 
for the rectifiers under test. The case to ambient thermal resistance 
was about 
12°e/Watt. 


In order to duplicate an actual application, 
it would be necessary to provide 
reverse bias for about 20 Il-s following the current pulse. This was not desirable 
here since this study was concerned 
with the effects of the forward 
recovery 
transient (and not leakage) on efficiency. 


The Forward 
Recovery 
Transient 


In the test circuit, all devices exhibited a 1.2 V to 1.5 V forward recovery 
transient. 
In order to determine 
if this was characteristic 
of the die, a small 
'/4" 
hole was made in the side of Motorola's 
MBR7545 
Schottky rectifier (DO-5 
package). 
With the scope probe in this location, 
no transient 
was observed. 


However, 
when the scope probe was moved to the connecting 
wire about 
Yz" 
from scope 
ground, 
an identical 
transient 
was observed. 
The test photo 
is 
shown 
in Figure 
2. 
This test 
conclusively 
proved 
that 
the spike 
was due 
strictly 
to package inductance. 
This means that it does not create dissipative 
losses. 
In the photo, 
both 
the spike and an additional 
50 to 100 mV ofiR 
drop are attributed 
to the connecting 
"S" bend lead within the package and 
its contact 
resistance 
(about 
I milli-ohm). 
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Motorola's 
MBR7545 
DO-5 Schottky 


Package 
inductance 
is just 
a small part of the problem 
of busing 
high 


frequency, 
high current pulses from the secondary winding to the filter and load 


of a switchmode 
supply. A bigger part of this problem is attributed to the con- 
necting lead inductance. 
In this test, the rise time of the 75 A current pulse with 
an 8.0 V supply was about 2.0 f-Ls.The total series inductance is therefore 
about 


200 nH, and because 15% of the voltage appeared across the diode, its inductance 
is only 
15% of the total or about 30 nH. This agrees with a rule of thumb 


judgement 
for inductance of 1.0 f-LHper foot, and this current rise time is indeed 
typical of similar switchmode supplies. The conclusions are that diode inductance 
is relatively 
insignificant 
and that new techniques 
for busing such as twisted 


connecting 
wires should be considered 
where faster rise times are desirable. 


Temperature 
Rise And Efficiency 


The current pulse, rep rate and heat sinking were all kept constant during 


these tests. Therefore, 
the most efficient and the best device is the one with the 
lowe~t temperature 
rise. This discounts, 
as was stated earlier, the second order 
effect of power loss due to leakage currents. 
For the fast recovery devices and 
Motorola's 
platinum Schottkys, this is actually the case. However, some Schottky 
processes 
do have leakage and potential thermal runaway problems and should 
be analyzed further in this regard. The test results are shown graphically in Figure 
3. A review of this data indicates that not all Schottkys are alike and that the fast 
recovery and ion-implanted 
rectifiers are still not quite as efficient as Schottkys. 
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This data can also be used to estimate the temperature 
rise in an actual supply. 
As an example, 
if a 40% duty cycle and 1.2°C/Watt heat sinking are assumed 
instead of 4% and 12°C/Watt, the temperature 
rise would be quite similar, 
(ac- 
tually it would be slightly higher due to reverse bias losses), and proportionately 
less heat sinking would produce proportionately 
higher rises. In all cases, 
two 
or three parts were checked 
to determine 
which were most typical. 
From any 
given manufacturer, 
the forward drops were very close (20 mV out of 700 to 800 
mY). Since it was proved earlier that the forward recovery transient was lossless, 
then these termperature 
rises ought to correlate very well with forward drop. This 
turned out to be the case as is shown in Figure 4. Here, the forward drop of each 
device at the end of the 20 
Il-S pulse was plotted against temperature 
rise, 
and 
the correlation 
was very good (+ 15%, 
- 10%). This, of course, 
means 
that 
typical forward drops and forward drop specs are indeed quite significant to the 
designer. 
However, 
as was done here, temperature 
rise tests in an actual appli- 
cation are still the ultimate and the best test for efficiency. 
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FIGURE 
4 


Correlation 
Plot of Temperature 


Rise versus Forward 
Drop 


CHAPTER 
15 


SCHOTTKY 
BARRIER 
THERMAL 
STABILITY 


A power rectifier is a thermal system where it's important 
to know the stability li- 
mits. This system is constituted 
by: 


RQJC 
} 
RQJA 


RQCA 


Power evacuated 
outside 
must be equal to the dissipated 
power in the die, then 
thermal stability equation is : 


Tj - Ta 


RQJA 


With PF = dissipated power in forward conduction 
(quite independent 
of Tj) 
PR = dissipated power in reverse (it is a function of Tj) 


The condition 
of thermal stability is : 


d PR (Tj) 
1 
--<- 
d Tj 
RGJA 


In a diode, reverse current 
variation with temperature 
must be represented 
in first 
approximation 
by the equation: 


IR = II exp C Tj; 


Then we have PR = VR x II exp C Tj 


d (PR) 


d (Tj) 


1 
CPRm=-- 
RGJA 


1 
IRm = C RGJA VR 


Maximal junction 
temperature 
will be : 


1 
IRm 
Tjm=CLnll 


And the maximal ambient temperature: 


Tam = Tjm - PF RO - ! 
C 


For each value of TA < Tam, the diode will be thermally stable, the junction 
temperature 
value will be below Tjm and the leakage current IR lower than the 
limit value IRm. 


For MOTOROLA diodes family, the value of C is quite constant (= 0.05), it 
is therefore interesting to notice that maximal value of admissible IR is directly 
determined 
by use conditions. 


NOTE: when the solution Om we had is higher than OJ max value, we must consider 
that Gm = Gj max. 


Gam = Gj max - RG VR IRm 


IRm = IR at G = Gj max 


Example: 
for a mounting 
where the heatsink used is RGJA = 100C/W and where 
the reverse voltage applied is VR = 30 V, the running maximum IR admissible will 
be: 


1 
IRm = ----- 
= 66 mA 
0.05 x 10 x 30 


A measure of this current made on the functionning 
circuit in the worst conditions 
of charge and ambient 
temperature 
will allow to evaluate the security edge with re- 
gard to this limit. 


In this same application, 
if we use a diode with IR = 0.3 mA (experimental 
measure- 
ment), the thermal stability limit temperature 
will be : 


Tj = _1_ 
Lo~ 
= 1080e 
0.05 
0.3 


If forward dissipated power is PF = 2 Watts, the maximum ambient temperature 
will 
be: 


MOTOROLA data sheets give diectly the graphic solution of the stability limit cal- 
culations that we just made. 


Generally the running diode is not submitted 
to a continue reverse voltage but to a 
square or sinusoidal signal. The reverse voltage which must be consider is the equi- 
valent VR voltage : 


VR equi = VR peak x F 
The Parameter 
F to use is given in the data sheets. 


Therefore 
the average forward 
dissipated 
power value PF must be evaluated taking 
into account the average current value IF (AV) and the form of the signal. 


The set of curves presented 
in the data sheets allows to determine 
the ambient tem- 
perature Tam in two steps: 


1. From VR and RQ, evaluation of the parameter 
TR 


2. From TR and PF, determine Tam value 


RECTIFIERS 


General-Purpose 
Rectifiers 


Motorola 
offers a wide variety of low-cost 
devices, packaged to meet diverse mounting 
requirements. 
Of particular 
interest are plastic "buttons", 
such as the MR2500 
series, 


designed for clip or recessed mounting, 
and the new plastic chassis mounts, derived 
from these buttons, 
types MR2000S 
and BYW90. AI/listed 
lines are available with 
anode-to-case 
connection by adding "R" suffix to the standard part number. 


I 


10, AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
(Amperes) 


1.0 
1.5 
3.0 
6.0 
12 


59-04 
60 
267 
194 
56-02 


Metal 
Plastic 
Plastic 
(DO-4) 
Metal 
I 


II , 


I 
I 
'~ ?,' 


, 


I 
l~ 
"~'" 


VRRM 
Volts 


50 
lN4001 
BY601 
lN4719 
MR500 
lN5400 
MR750 
MRl120 
lNl199B 


100 
lN4002 
BY602 
lN4720 
MR501 
lN5401 
MR751 
MRl121' 
1N1200B 


200 
lN4003 
BY135 
BY603 
lN4721 
MR502 
lN5402 
BY251 
MR752 
MRl122 
1N1202B 


400 
lN4004 
BY604 
1N4722 
MR504 
lN5404 
BY252 
MR754 
MRl124 
lN1204B 


600 
lN4005 
BY126/134 
BY605 
lN4723 
MR506 
1N5406 
BY253 
MR756 
MRl126 
1N1206B 


800 
1N4006, 
BY606 
lN4724 
MR508 
lN5407 
BY254 
MR758 
MRl128 


1000 
lN4007 
BY607 
1N4725 
MR510 
1N5408 
MR760 
MRl130 


1300 
I 
BY127/133 
BY608 
BY255 


IFSM 
30 
40 
! 
50 
300 
100 
200 
100 
400 
300 


(Amps) 


TA 
@ Rated 
10 
75 
75 
TL = 70 
75 
95 
TL = 105 
85 
60 
(OC) 


Tc @ Rated 
10 
150 


(OC) 


TJ(Max) 
175 
150 
175 
175 
175 
175 
175 
175 
190 


(OC) 


'0' AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
(Amperes) 


I 


20 
24 
25 
35 
40 


283-01 
339 
193-03 
43-05 
273-01 
043-05 
257-01 


100-4) 
Plastic 
100-5) 
Plastic 
Plastic 
Metal 
Note 1 


--;-~-' I 
CS3t 
~ 
~ 11 


.\ 
~ 


~ 
,~ 
.... 
- 
, 


Note 2 
VRRM 
Volts 


MR2000S 
BYW90-50 
MR2500 
MR3491 
TRA2500 
TRA1102 
1N1183 
1N1183A 
40HF05 
i 
50 


I 
(30V) 
; 


MR2001S 
BYW90-100 
i MR2501 
MR3492 
TRA2501 
TRA1105 
1N1184 
1N1184A 
40 HF10i 
100 


i 
(75V) 
! 


MR2002S 
BYW90-200 
! MR2502 
MR3493 
TRA2502 


1 


TRA1110 
1N1186 
1N1186A 
40HF20 
I 
200 


i 
! 
1150VI 


MR2004S 
BYW90-400 
I MR2504 
MR3495 
TRA2504 
I TRA1120 
1N1188 
1N1188A 
40HF40 
I 
400 


I 
I 
(300VI 
I 


MR2006S 
BYW90-600 
MR25061 
TRA2506 
I TRA 1 140 
1N1190 
1N1190A 
40HF60 
600 


I 


MR2008S 
BYW90-800 
MR25081 
TRA2508 
1N3766 
CF 
40HF80 
800 


MR2010S 
BYW90-1000 
MR2510, 
TRA2510 
1N3768 
CF 
~OHF1001 
1000 


, 
1300 


400 
400 
400 
! 
400 
400 
400 
800 
500 
, 
IFSM 


i 
(Amps) 


I 
i 
TA @ Rated '0 


, 
(OCI 
, 


150 
125 
150 
I 
130 
150 
120 
140 
150 
140 
I 
TJ(Maxl 


I 
I 
I 
(OC) 


175 
175 
175 
175 
175 
175 
190 
190 
190 
Tc @ Rated '0 


(OC) 


NOTES: 
1. 
Meets mounting configuration 
of TC-220 
outline. 


• 
Request Data Sheet for Mounting Information 
CF: Consult Factory 
2. 
40HF Series available with metric threads (4l 
A) and/or flexible braid lead 141HF. 41 HFM) 


Fast Recovery Rectifiers 


... 
available 
for designs requiring 
a power 
rectifier 
having 
maximum 
switching 
times 
ranging 
from 
200 ns to 750 ns. These devices are 
offered 
in current 
ranges of 
1.0 to 50 amperes and in voltages 
to 
1000 
volts. Higher 
voltages are available upon request, 
but a necessary 
trade-off 
against 
switching 
speeds results. 
Reverse polarity 
(anode 
to case) obtained 
by adding an uRN suffix. 


Fast Recovery 
Rectifiers 
are also available 
in full-wave 
bridge and high 


current 
multicell 
configurations. 


10. AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
IAmperes) 


1.0 
3.0 
5.0 


59·04 
60 
267·01 
194 


Plastic 
Metal 
PlastIc 
Plastic 


/ 
) 
/ 
tI 
• 
1- 
/ 


VRRM 
I 


IVolts) 


50 
1N4933 
MRSlO 
MRS30 
MRS50 
MR910 
MRS20 


100 
1N4934 
MRS11 
MRS31 
MR851 
MR911 
BY500 
MRS21 


100 


200 
1N4935 
MRS12 
MRS32 
MR852 
MR912 
BY500 
MR822 
-200 


400 
1N4936 
MR814 
MR834 
MR854 
MR914 
BY500 
MRS24 


-400 


600 
lN4937 
MRS16 
MRS36 
MRS56 
MR916 
BY500 
MRS26 


-600 


800 
MRS17 
MR917 


1000 
MR818 
MR918 


IFSM 
30 
30 
100 
100 
100 
200 
300 


(Amp,) 


TA @ Rated 
10 
75 
75 
90· 
90· 
25 
55" 


TC@ 
Rated 
10 
100 


lOCI 


TJIMax) 
150 
150 
150 
175 
175 
175 
175 
(OC) 


In 
0.2 
0.75 
0.2 
0.2 
0.75 
0.3 
0.2 


(I's) 


10. AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
(Amperes) 


6.0 
12 
20 
24 
30 
50 


56.02 
257 
339 
257 
257 
100-4) 
100-5) 
(00-5) 
(DO-51 
Metal 
Metal 
Plastic 
Metal 
Metal 
\ 
'b 


Note 
1 


~ 
~ 


"J 


~ 
f 
.~ 
,~) 


~ 
~ 
vRRM 
(Volts I 


1N3879 
1N3889 
1N3899 
BYW91-50 
1N3909 
MR870 
50 


1N3880 
1N3890 
1N3900 
BYW91-100 
1N3910 
MR871 
100 


1N3881 
1N3891 
1N3901 
BYW91-200 
lN3911 
MR872 
200 


1N3883 
lN3893 
1N3903 
BYW91-400 
lN3913 
MR874 
400 


MR1366 
MR1376 
MR1386 
BYW91-600 
MR1396 
MR876 
600 


800 


1000 
150 
200 
250 
300 
300 
400 
IFSM 


300' 
300' 
(Ampsl 


TA@Rated 
10 


100 
100 
100 
125 
100 
100 
TC@ Rated 10 
lOCI 


150 
150 
150 
175 
150 
160 
TJIMax I 


(OCI 


0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
trr 


(I's) 


Fast recovery Rectifiers 


... available 
for consumer 
applications 
requiring 
currents 
from O.4A up to 3A in low cost axial 
lead packages. 
Their "soft 
recovery" 
characteristic 
is ideal for TV usages. 


1o. AVERAGE RECTIFIED 
FORWARD CURRENT IAmperes' 


0.4 
0.5 
0.8 
1 
1.2 
2 
3 


Case 
! 
59-04 
267 
Plastic 


I 


I 
/ 


I 
I!I 
I 


! 
VRRM 
(Volts) 


50 
I 


I 
100 
BY196 
BY296 
BY396 


200 
! 
BY197 
BY297 
BY397 


400 
BA157 
BY206 
BY406 
BY210-4 
BY198 
BYX55·350 
BY298 
I BY398 
600 
BA158 
BY207 
BY407 
BY210-6 
BYX55-600 
800 
BY210-8 
BY199 
BY299 
BY399 


1000 
BA159 


IFSM (Amp) 
30 
30 
I 
30 
40 
40 
100 
100 


T A @ Rated 
10 ° C I 
45 
45 
75 
50 
50 
90 
90 


TJ Max 
°C 
I 
150 
150 
175 
150 
125 
150 
175 


t" 
(ns) 
500 
600 
750 
500 
600 
500 
400 


Special Purpose Rectifiers 


250 mA High Voltage 
Diodes 


Case 
169-02I 
VRRM 
(Volts) 


1000 


2000 


3000 


4000 


5000 


IFSM 


(Amps) 


TA@ 
Rated 
10 
(oCI 


TJ (MaxI 
(oC) 


1.0 Ampere 
Television 
Damper 
Diode 


Case 


MR250-1 


MR250-2 


MR250-3 


MR250-4 


MR250-5 


VRRM 
(VoIU) 


1000 


1200 


1400 


1600 


IFSM 
(Amps) 


TA@ 
Rated 
10 
(oC) 


T J (Max) 
(oC) 


MR1-1Q00 


MR1-1200 


MR1-1400 


MR1-1600 


trr 
(I'sl 
25 
• Must be derated for reverse power 
dissipation. See Data Sheet. 


1.0 Ampere High Voltage Rectifiers 


Case 
I 
59-04 
1/ 


Avalanche 
Rectifier 
Case 
296-03 
194 


I 


': 


I 
VRRM 
Volts 
I 


1000 
V 
I 
MR1-1000 
I 


I 


1200 
V 


I 
MR1-1200 


1400 
V 
I 
MR1-1400 


1600 
V 
I 
MR1-1600 
BYX10 


IFSM (A) 
30 


TA @ Rated 10°C! 
75 


TJ Max °C 
I 
175 


t" 
IlS 
I 
25 
i 
...J 


23 
MR2525 


23 
MR2525R 
MR2525L 


10 (Amp) 
25 
6 


BV (Volts) 
24·32 
24-32 


IRSM 
62 
62 
(Amp) 


IFSM 
600 
600 
(Amp) 


TC@ Rated 10 
150 
150 
(OC) 


TJRRM 
175 
175 
(OC) 


16-6 


High-Current 
Multi-Cell Rectifiers 


Multi-Cell 
construction, 
with 
matched 
cells, 
for excellent 
thermal 


management 
and highest reliability. 
Normally 
available 
with 
cathode 
connected 
to case. Add 
"R" 
suffix 
to type number 
for reverse polarity. 


Fast Recovery and Schottky 
versions are available by consulting 
the factory_ 


I 


10. AVERAGE 
RECTIFIEO 
FORWARD 
CURRENT 


100A 
450A 
700A 


I 
I 


) 
") 
M 
- 


~ 
~ 


J 


3/4'~'1/4" 
.A.-;-" 


I 


Stud 
'-lex 


Case 128 
3.1~·-""""""" 


3-1/4" 


10·32 Stud 
3/8" 
Stud 
~,-'r!?- 
1-1/4" 
Hex 
'·1/4" 
Hex 


VRRM 
i 


3··..._____ 
••..--...........3 
.. 


(Volts) 
Case 167 
Case 189 
Case 135 
Case 136 


300 
MR1215FL 
MR1815SL 
MR1245SL. 
FL 
MR1265FL 


600 
MR1219SL 
MR1819SL 
MR 1249SL. 
F L 
MR1269FL 


I FSIVi 
2000 
2000 
8000 
12000 


(Amp) 


TC @ Rated '0 
135 
135 
150 
150 
lOCI 


TJtMaxl 
190 
190 
190 
190 
(oCI 


Schottky 
Rectifiers 


Refinements in processing of SWITCHMODE Schottky 
Power Rectifiers are producing 
ruggednessand temperature performance comparable to silicon-iunction 
rectifiers, with 
the high speed and low forward voltage drop characteristic of Schottky's 
metal/silicon 
iunctions. 
Ideal for use in low voltage, high frequency power supplies and as very fast 


clamping diodes, these devices feature switching times less than 10 ns, and are offered 
in current ranges from 0.5 to 75 amperes, and reverse voltages to 50 Volts. Higher currents 
multicell, 
full· wave bridge and reversepolarity 
(anode to case) versionsare available by 
consulting the factory. 


------- 


10. AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
IAmpe,es. 
_.- 


0.5 
1.0 
- 3.0 
3.0 
I 
5.0 
15 
25 
- 
59-04 
267 
60 
51 -02 
56-02 


100·7) 
PlastiC 
Plastic 
Metal 
100-41 


Glass 
'\ 
/ / / , 


I/ 
" 
I 
';;~'# 


VRRM 
(Volts 
20 
tfMBR020 
lN5817]MBA120P 
1N5820 
MBR320P 
MBR320M 
1N5823 
1N5826 
M8R1520 
lN5829 
M8A2520 
30 
~- 
!-M8Al~; 
lN5821 
M8A330P 
M8A330M 
1N5824 
1N5827 
M8A1530 
lN5830 
M8A2530 
1N6095 


35 
I 
I 
MBA335M 
M8A1535 
M8A2535 


_,!-O 
__---- 
....J.!'I.5_81 
9 "TMBFi140Pi- 
1N5-i22 
M8A340P 
M8A340M 
llN5825 
1N5828 
MBR1540 
t 1 N5831 
M8A2540 
1N6096 


45 
- 
-- __ -=-"t"___ 
+ 


I 
--- 
~-----+----_._- ---- 


IFSM 
50 
25 
i 
2~_-l 
80 
80 
500 
500 
500 
500 
800 
800 
400 
lAmps) 
-- 
-- ---- 
-- 


tTc@;Ratedlo 
1°C) 
,;t 


I 
85 
80 
85 
80 
70 
--- 
-- 
---- --1-- --,--'- 
T- 
TAlfjRatedlo 


;------- 


PC Board 
50 
Mount 
JOC) 
-- 
- 
.~- 


tT L fit Rated 
10 
90 
! 
80 
I 
95 
85 
90 
80 
(OCI 


TJ 
(Max) 
-~~-- 
-- 


(OCI 
125 
125 
125 
125 
125 
125 
125 
125 
, 25 
125 
----- 
'0.50 
0.55 
-- 
~ 


Mal(VF~O.50 
'0.60 
i 
'0.60 
I 
'0.525 
0.55 
0.45 
at 
5 A 
'038 
'0.48 
055 
86"785A 


~<? 
TL_~25°C 
2.:.3~OCiT, = 25~c:J..r..e~~h 
= ~~ 
Te = 25°C 
Te::: 25°C 
TC=25°C 
T_~ 
Tc=25:~ 
Tc=~C 
Tc=70<'lC 
' 
L..::...... ___ 


• Values 
are for the 40-Vott 
units. 
The rower voltage 
parts provide 
lower 
limits. 
t 
Must 
be derated 
for reverse 
power 
dissipation. 
See Data 
Sheet. 


tt 
Motorola 
TX versio'1s available. 
consult 
factory. 


'0- 
AVERAGE 
RECTIFIED 
FORWARD 
CURRENT 
lAmp., 
•• , 
-- 
30 
35 


fr 


40 
50 
60 
75 


54 
56-02 
257 
430-2 
257 
ITO-31 
~ 
IDO-41 
IDO-51 
100-211 
IDO-51 


Metal 
O~etal 
Metal 
Metal 
Metal 
I J 
Note 
1 
J 
Note 1 


I 


~~ 


I 


~~~ 
I~ 


I 
t 
" 


~ 
, 


%' 


,-' 
VRRM 
I 
(Volts 
MBR3020CT 
MBR3520 
BYS35-20 
1N5832 
MBR4020 
MBR4020PF 
MBR6020 
BYS60-20 
BYS75-20 
MBR7520 
20 
BYS35-30 
1N5833 
MBR4030 
MBR4030PF 
1N6097 
BYS60·30 
BYS75-30 
MBR7530 
30 
MBR3035CT 
MBR3535 
MBR4035 
MBR4035PF 
MBR6035 
MBR7535 
35 
SD241 
SD41 
1N5834 
MBR4040 
MBR4040PF 
1N6098 
SD51 
MBR7540 
40 
MBR3045CT 
tMBR3545 
BYS35-45 
tMBR6045 
BYS60-45 
BYS75-45 
tMBR7545 
45 
BYS35-50 
BYS60-50 
BYS75-50 
50 


-- 
-- 


400 
600 
600 
800 
800 
800 
800 
800 
800 
1000 
1000 
IFSM 
tAmps) 


95 
90 
90 
75 
70 
50 
70 
90 
90 
90 
90 
tT coRatedlo 
t--- 


lOCI 


TA@Ratedlo 


I 


PC Board 
Mount 
(OCI 


tTl@Ratedlo 


- 
-- 


(OCI 


150 
150 
150 
125 
125 
125 
125 
150 
150 
150 
150 
TJ (Maxi 
(OCI 
0.95 
@60A 0.70@78.5A 
0.77@70A 
'0.59 
0.63 
0.63 
0.86@157A 
0.80@157A 0.81@120AO.78@150AO.90@220A 
Mall: VF 0 
Te = 125°C 
TC= 125°C 
TC= lOQoe TC= 25°C 
TC=25°C 
TC=25°C 
TC=70°C 
TC=125°C 
TC=lOooCTC=l00°C 
Tc::125°C 
IFM = 
10 
_. 
-- ----- 


Capable 
of 
1sooe 
junction 
temperature 
operation. 


NOTES: 
1. 
Braided 
lead 
top 
terminal 
configuration 
available; 
consult 
your 
Sales 
Representative. 


tMotorola 
TX 
versions 
available, 
consult 
factory. 


Rectifier Bridges 


Motorola 
SUPERB RIDGES 
offer 
cost 
effectiveness 
and 
reliability 
in 
single 
phase 
applications. 
Chip/leadframe 
techniques are used for lower-current 
types, while the higher 
current 
assemblies combine 
pretested 
"button" 
rectifier 
cells for low assembly cost and 
high yields. 
Performance 
of 
four 
individual 
diodes is achieved at the cost of only 
two, 


with 
reliability 
of the whole assembly comparable 
to that of a single unit. 
The higher 
current 
assemblies feature versatile slip-on/solder/wire 
wrap terminals. 


Fast Recovery 
versions having reverse recovery 
times of less than 200 nanoseconds are 
available by adding a "FR" 
suffix 
to the part number. 


Schottky 
Bridge inquiries 
are invited 
by the factory. 


10. DC OUTPUT 
CURRENT 
(Amperes) 


1.5 
1.0 
2.0 
4.0/8.0' 
15 
25 
35 


109-03 
312·02 
312-02 
117A-Ol 
309-01 
309A-03 
309-01 
Note 1 
, 
~ , 
•• 


~•• 
~ 


;. 
; 
, 
, 


- / 
," 


VRRM 


SQ~ 


Volts 


50 
MDA920A2 
BYW20 
BYT25-50 
MDA100A 
MDA200 
MDA970Al 
8YW60 


100 
MDA920A3 
BYW21 
BYT25-100 
MDA101A 
MDA201 
MDA970A2 
BYW61 


200 
MDA920A4 
BYW22 
BYT25-200 
MDA102A 
MDA202 
MDA970A3 
BYW62 


400 
MDA920A6 
BYW24 
BYT25-400 
MDA104A 
MDA204 
MDA970A5 
BYW64 


600 
MDA920A7 
BYW26 
BYT25-600 


MDA106A 
MDA206 
BYW66 


BOO 
MDA920AB 
CF 
BYW28 
BYT25-800 


MDA108A 
MDA208 
8YW68 


1000 
MDA920A9 
CF 
BYW79 
BYT25-1000 


MDA110A 
MDA210 
BYW89 


IFSM 
45 
30 
60 
100 
400 
400 
400 
(Amp) 


TA @ Rated 
10 
50 
75 
55 
(OC) 


TC@ 
Rated 
10 
100 
55 
55 
(OC) 


T J(Max) 
175 
150 
175 
150 
175 
175 
175 
(OC) 


'4.0 
A @ T A 
0 
250C 


8.0 A @ T C 
0 
550C 


Note: 
1 _The 
MDA970A 
ser,es 
replaces 
the 
MOA 
970 
In the 
new 
Case ',7A-O'. 
which 
has 
mmor 
changes 
over 
the 
old 
Case 
"7. 
(EffectIve 
3 Q 79.) 


SUPERBRIDGES 
IS a trademark 
of Motorola 
Inc. 
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STUD 
MOUNTED 
POWER 
RECTIFIER 


... 
compact, 
highly 
efficient 
silicon 
rectifier 
for 
medium 
current 
applications 
requiring: 


High 
Current 
Surge 
-500 to 800 Amperes 
- 
Peak 
performance 
at elevated 
temperatures 


Designer's 
Data for "Worst Case" Conditions 


The Designers 
Data sheets permit 
the design of most circuits 
entirelv 
from 
the 


information 
presented. 
LimIt 
curves - 
representing boundaries on device character· 
istics - are given to facilitate 
"worst 
case" 
design. 


..: 
..: 
'" 
< 
'" 
<D 
.. 
~ 
'" 
lli .. ~ 
~ 
~ 
Ie 
Ie 
M 
M 
Rating 
Symbol 
Z 
~ 
Z 
~ ~ 
~ 
~ 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
50 100 200 400 600 800 1000 
Volts 
Working 
Peak Reverse Voltage 
VRWM 


DC Blocking 
Voltage 
VR 


Non 
repetitive 
~eak 
Reverse 
Voltage 
VRSM 
Volts 
75 
150 275 500 725 950 
1200 


RMS 
Reverse 
Voltage 
VRIRMSI 35 
70 140 280 420 
560 
700 
Volts 


IN 1183 thru 
IN 1190, IN 3766, 
IN 3768 


Average Rectified 
Forward 
Current 
10 
Amp 


(Single phase, resistive load, 
. 
35 
. 
TC· 1000CI 


Non-Repetitive 
Peak Surge Current 
IFSM 
Amp 


(surge applied at rated load conditions) 
- 
500 
. 
(one cycle) 


IN 1183 A thru 
IN 1190 A 


Average Rectified 
Forward 
Current 


(Single phase, resistive load, 
10 
____ 
40~ 
Amp 
TC· loooCI 


Non-Repetitive 
Peak Surge Current 
IFSM 
___ 
800_ 
Amp 
lsurge applied at rated load conditions) 
(one cycle) 


Operating 
Junction 
Temperature 
Range 
TJ 
---- 
-65 to +200- 
°C 


Storage Temperature 
Range 
Tstg 
-65 to +200 
°c 


Characteristic 
Symbol 
Typ 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case IN 1183 
RoJC 
0.9 
1.0 
°C/w 
IN1183A 
0,7 
0.9 
°C/w 


Characteristic 
Symbol 
Max 
Unit 


Instantaneous 
r--orwara 
voltage 
1 N 1183A 
vF 
1.10 
Volts 


IIF. 
100 Amp.. TJ = 1500 CI 
1 N 1183 
1.30 


Reverse Current 
(rated dc voltage) TC '" 250 C 
'R 
100 
"A 
TC· 100°C 
0.5 
mA 
- 


IN 1183, A thru IN 1190, A 
1N 3766, 1N 3768 


STUD MOUNTED 
POWER RECTIFIERS 


50-1000 
VOLTS 
35,40 
AMPERES 


~ 


"r-1 
• 
¢ 
, 


MECHANICAL 
CHARACTERISTICS 


CASE: 
Welded 
hermetically 
sea- 
led 


FINISH: 
All 
external 
surfaces 
corrosion 
resistant 
and 
readily 
solderable 
POLARITY: 
Cathode 
to Case 
WEIGHT: 
17 Grams 
(Approxima- 
tely) 


STUD 
TORQUE: 
25 in. 
lb. rT>X. 


500 


300 


100 


Ci:' 100 
'":! 
10 
~~ 
50 
~" 
u~ 30 
«~ 
'-'~ 10 
"~ 
z~ 
z 
10 
~ 10 
.~ 


5.0 


3.0 


1.0 


1.0 


07 


I 
V 
V 
V 
V 
---I-- I-- 


TJ" 25°C 
/ 
V- 
I 
V 


J 
/ 


- 
T yp!ca! 
I 
/ 


Malumum 


I / 


I I 
_.+ 


I / 


I 


•• 
'"i40 


B 
30 
'-'~ 
~ 
'-' 
10 


'-' 
ffi 
10 
>« 
;;« 
a 
if 
125 
100 


I 
..••..•• 


40AMP.SERIES 
- 
'TJ"750C 
~ " 


f" 
60 HI 


VRRM May Be Applied 
" 
........ 
Between 
Each Cycle of 
..••..•• 


t---.. 


............•.. Surge 
t---.. 


I"--- 
"I' 
- (\(\ 
..•••..•.. 


........ 
- 
1-1CYCle-! 
_ 
35 AMP. 


I 
I 
I 
I I 
Sy'Et 


0: 700 
'":! 


~ 
500 
~~" 
u 
> 
300 
~ 


~ 
200 
~ 
~ 


~ 
100 
1.0 
1.0 
3.0 
5.0 
10 
10 
30 


NUMBER 
OF CYCLES 


Typical 
Range 
1;;' 1/ 
V 


U 
10 


"- 


> 
0.5 
5~ 
z 
G -0.5 
'"tt ~1.0 
'-' 
u 


-1.5 


-10 


-15 


0.1 
0.1 
0.5 
1.0 
1.0 
50 
10 
10 
50 
100 100 
500 
1000 


iF. INSTANTANEOUS 
FORWARD 
CURRENT 
(AMPl 


50 


~ 
«~ 40 
z'-' 
;::: 30 
~ 
"~;: 10 
:i' 
'-'g 
10 
>« 
;; 
« 
IE 
5.0 
10 
15 
10 
15 
40 


'FIAV). 
AVERAGE 
FORWARO 
CURRENT 
lAMP) 


~ 
=_ 
0.5 
Wo 
%w 
•... 
N 


•... ::; 
Z"" 
~ = 
0.2 
Zo 


~: 
D.l 
wU 
~~ 
~ ~ 0.05 
~::l 
~ a: 0.03 


_ 
0.01 


--- 


.--~ 
--- 


V 


-- 
- 


~ 


s:tJL 


Pk 
Ppk 


-tp- 
Time 


" 


To 
determine 
maximum 
junction 
temperature 
of the 
diode 
in 
a given 
situation, 
the 
following 
procedure 
is recommended. 


The 
temperature 
of 
the 
case 
should 
be 
measured 
using 
a 


thermocouple 
placed 
on 
the 
case 
at 
the 
temperature 
reference 


point 
(see the 
outline 
drawing 
on 
page 
11. The 
thermal 
mass con- 


nected 
to 
the 
case 
1$ normally 
large 
enough 
so that 
It 
will 
not 


significantly 
respond 
to 
heat 
surges 
generated 
in 
the 
diode 
as a 
result 
of 
pulsed 
operation 
once 
steady 
state 
conditions 
are 


achieved. USing 
the measured value of TC. the junction 
temperature 
may be determined by: 


DUTY CYCLE. D: 
tp/t, 
PEAK POWER. ppk• 
IS peak of an 


equivalent 
square 
power 
pulse. 


where 
6T JC is the 
Increase 
in junction 
temperature 
above 
the case 
temperature. 
It may 
be determined 
by: 


6 T JC ;; Ppk • ROJC 
10 + (1 -0) 
• r{t 1 + tpl 
+ dtpl 
- r{t1 l I 


where 


dt) 
;; normalized 
value 
of transient 
thermal 
resistance 
at time, 
t, from 
Figure 
6, i.e.: 


r 1t1 + tp):: 
normalized 
value 
of tranSIent 
thermal 
resistance 
at 


time 
t1 
+ tp. 


1.0 


07 
~ 
w 
0.5 
" 
;:: 
~ 0.3 
0 
U~ 
0 
01 
~ 
«~ 
0 
- 


TJ = 25°C 


~~ 
- 
-- 
f.lh..j 
~, 
.....---- ..- 
Ufr = 1.0 V 


~ 
..- 
/ 
- 
---- 
;0 V 
--- 


--- 
I 
I 
I 
I 


"- 
' 
II 


" 


100 TJ = 25°C 


"" 
--- 
Ail Devices 
, 
" 
'" 


1111 
I 


~ 
300 


w 
uz«S 200 
: 
;3 


U' 


I'--... 


IF 
I 
TJ '" 25°C 


t----- "-'-... 
°4~ 
r--. 
•..••... 
, 
, 


f--- - 
'F'IOA 
r-... 
5.0A 
III 
'-...I'-!?',~ 
{oIA 
' 
I'---.. 1'-1'-- 


I' 


---;;;-.. 
.j,. 


w 
10 


" 
~ 
7.0 


~ 
5.0 
~ 
~ 
3.0 


~ 
2.0 


60 


40 


~ 
0~ 
u 
;;: 
10 


>- 
z 
;;; 
~ 
10 
C 


8.0 


I I III 
r; ~1'~C 
- 
::::.: 
'FIAV) 
~ lOA 
~ 


I 
""r'\ 


t- CURRENT 
INPUT WAVEFORM 
\ 


f- J\f'v- 
~J1J1---- 
f- 
I 
I 
I 
, 
, 
I 
I 
I 
I 
V20ldCl 


0= 
~ 
~. 
100%= 
V20ldcI 
"00% 
III 


Prms 
V20lrmsl 
V20lacl 
+ V20(dcl 
--R-L-- 


V2 m 
~ 
4 


O(sinel=d- 
.100%.: 
2.100% 
=- 40.6% 


V m 
" 


4RL 


V2m 


2RL 
O(squarl·1 
-= V2m 


.-'00% 
= 50% 


RL 


As 
tt'", 
frequency 
of 
the 
input 
signal 
is Increased, 
the 
reverse 


recovery 
time 
of 
the 
diode 
(Figure 
9) 
becomes 
significant, 
result- 


ing 
In 
an 
Increasing 
ac 
voltage 
component 
acrOSS 
R L which 
is 


opposite 
in polarity 
to 
the 
forward 
current, 
thereby 
rer'· 
the 


value 
of 
the 
efficiency 
factor.a, 
as shown 
on 
Figure 
10. 


It 
should 
be 
emphasized 
that 
Figure 
10 
shows 
wdveform 
efficiency 
only; 
it does 
not 
provide 
a measure 
of diode 
losse .•. 


Data was obtained 
bV measuring the ac component 
of 
Va 
with 
a 


true 
rms 
ac voltmeter 
and 
the 
de component 
with 
a de voltmeter. 


The 
data 
was 
used 
in 
Equation 
1 to 
obtain 
points 
fOI 
Figure 
10 
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Compact, highly 
efficient 
silicon 
rectifiers 
for medium-current 
applications 
requiring: 


• 
High Current 
Surge- 


250 Amperes 
@ TJ = 200°C 


• 
Peak Performance 
at Elevated Temperature 
- 
12 Amperes 
@ TC = 150°C 


lD 
lD 
lD 
lD 
lD 
0> 
0 
N 
..• 
'" 
lD 
g 
MAXIMUM 
RATINGS 
0> 
0 
0 
0 
0 
lD 
N 
N 
N 
N 
0> 
0> 
Z 
Z 
Z 


CO) 
CO) 
2 
2 
2 
2 
Cn-r.ct ••..istic 
~_mbol 
- - 
- 
- 
- - 
- 
Unit 
-- 
Peak AepelJllve 
Reverse 
Voltage 
VA AM 
Volts 


Working 
Peak Reverse 
Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 


DC Blockmg 
Voltage 
VA 


Non.Repet,tlve 
Peak Reverse 
VASM 
100 
200 
350 
600 
800 
1000 
1200 
Volts 


Voltage 
lhatfwave. 
sIngle phase, 


60 Hz peak) 


Average 
Rectlfted 
Forward 
Current 
'0 
12 
. Amp - 


ISlngle 
phase, reslst,ve 
load. 


60 H,. TC' 
1500CI 


Non 
Repetitive 
Peak Surge Cur· 
IFSM 
250 Ifor 1 cycle I 
. Amp 


rent (surge applied 
@rated 
load 


conditions. 
half wave, Single 


phase. 60 Hzl 


Operating and Storage Junction 
TJ,Tst9 
65 to .200 
. °c 
Temperature 
Range 


Characteristic 


Thermal 
ReSistance, 
Junction 
to Case 


Characteristic 
and Conditions 
Symbol 
Max 
Unit 


MaXImum 
Instantaneous 
Forward 
Voltage 
vF 
1.2 
Volts 


(IF ~ 40 A. TC ~ 25°C) 


MaXImum 
Reverse Current 
IR 
10 
mA 


(Rated de voltage. 
TC ; 
1500CI 


MaXImum 
Average 
Reverse 
Current 
at 
IRQ 
09 
mA 
Rated Conditions 


DC Forward 
Voltage 
VF 
1.1 
Volts 


(IF; 
12 A. TC = 25°CI 


Reverse Recovery TIme {IFM :; 40 A. 
t" 
50 
~s 
dl/dt; 
25 A/~s 
to IFM ; O. 


tp;;' 
4 0 ~s. 60 pulses/second. 
25'°CI 


-IndIcates 
JEDEC regIstered 
data 


MECHANICAL 
CHARACTERISTICS 


Case: 
Metal 
hermetically 
sealed 


Finish: 
All external 
surfaces 
are corrOSIon-resIstant 
and the terminal 
lead IS 
readily 
solderable 


Polarity: 
Cathode to case (reverse 
polanty 
units are avadable and deSigned 
by an "R" 
suffIX. I.e. 
1N1202RB) 


Mounting 
Positions: 
Any 


Stud 
Torque: 
15 In/lbs 
max 


Maximum 
Terminal 
Temperature 
for 
Soldering 
Purposes: 
275°C 
for 10 seconds 
at 3 kg tenSion 


Weight: 
6 grams 
(approx) 


1 N 1199 8 thru 
1 N 1206 8 
1 N 3988 
1 N 3990 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50-1000 
VOLTS 
12 AMPERES 


-G. 
C~, 


nn: 
mLLJ.I!I'TERS 
I\CJiLS 


nino 
l:l:l't. 
min. 
ma:>. 
• 


\ 
ILl. -- 
1 I. 10 
ll.L~ 
(l.-Ij- 


B 
..::~ 
c 
'" 
:.) 
0 • .1',11 


D 
f. _50 
[ 
1.91 
-I.n 
0.0-5 
11.1-5 


F 
•• 0 
0. tl: ~ 
" 
1.5 
0.0f> 


J 
IU. ;: 
11.51 
fl.-I:: 
O.H::> 
, 
:0.::>: 
II.SI') 


L 
,, 
O.07S 


Q 
1 .S 
n.I1()(l 


@ MOTOROLA 
IN3491 thru IN3495 
MR327 
MR330 
MR328 
MR331 


SILICON 
RECTIFIERS 
25 AMPERE 


... 
compact. highly efficient silicon rectifiers for medium- 


current applications. 


Delig"e,'. 
Deta for "Wor.t C•••.. Conditions 


The Designers 
Data Sheet permits 
the design 
of most circuits 
entirely from the information 
presented. 
limit 
curves - 
represent· 
ing device 
characteristics 
boundaries 
- 
are given 
to facilitate 


"worst 
case" design. 


Rating 
Symbol 
lN3491 
1 N3492 
1 N3493 
1 N3494 
lN3496 
MR327 
MR328 
MR330 
MR331 
Unit 


Peak Repetitive 
Reverse 
VRRM 
Voltage 
Working 
Peak Reverse 
VRWM 
50 
100 
200 
300 
400 
500 
600 
800 
1000 
Volts 


Voltage 
DC Blocking 
Voltage 
VR 


RMS 
Reverse 
Voltage 
VR(RMS) 
35 
70 
140 
210 
2BO 
350 
420 
560 
700 
Volts 


Average 
Rectified 
Forward 
Current 
(single phase, 
'0 
25 
. 
Amp 
resistive 
load. 60 Hz. see 
Figure 
31 TC ; 100°C 


Nonrepetitive 
Peak Surge 
Current (surge applied at 
IFSM . 
300 (for 1/2 
cycle) 
. 
Amp 
rated load conditions. 
see 
Figure 5) 


Operating and Storage 
Junction 
Temperature 
TJ. Tstg . 
-65 
to +1 75 
. 
°C 


Range 


@} 


NOTES 
-jr_o 
_ 


1 SOTPISTRAIGHT 
KNURL 
~ 
I 
2 POLA.RITY,IHK 
MARKED 
ON 
P•••CK •••GE 
+-I'=~ 
i 
TTT 
_01--.1 


I 
') 
H 
C 


SE •••TING PLANE 
~ 
B ~-'--T 


Characteristic 


Thermal 
ReSIstance, Junction 
to Case 


MECHANICAL 
CHARACTERISTICS 
CASE: 
Welded. 
hermetically 
sealed construction. 


FINISH: 
All 
external 
surfaces 
corrosion· 
resistant 
and the terminal 
lead is readily 


solderable. 


POLARITY: 
CATHODE 
TO CASE (reverse polarity units are available 
upon request and 
are designated 
by an ··W· suffix 
Le. MR327R 
or 1N3491 RI. 


MOUNTING 
POSITIONS: 
Any. 


MILLIMETERS 
INCHES 
DiM 
MI' 
AX 
MIN 
MAX 


A 
154!M 
16.2~ 
061010640 


• 
12.115 
12B21 
0501 
0505 


>D, 
6.35 
.200 ., 


• 
1193 
1.34. 0041 
, 
, 
2.032 
U26 
1 
- 
- .. 


H 
4,572 
.1 
J 
3556 
- 
0.14 
· 


12.10 
- 
0,500 


Characteristic 
end Conditions 
Symbol 
Me. 
Unit 


Instantaneous 
Forward 
Voltage 
Drop 
!iF = 57 Amps. 
TJ = 25°C) 
VF 
1.7 
Volts 


Full Cycle Average 
Reverse 
Current 
118 Amp 
AV and Yr. single 
phase. 
IRIAV) 
mA 


60 Hz. TC = 150°CI 
1N3491 
10 


1N3492 
10 
1N3493 
8.0 
1N3494 
60 
1N3495 
4.0 
MR327 
30 
MR328 
25 
MR330 
20 
MR331 
1.5 


DC Reverse 
Current 
IR 
mA 
(Rated 
YR. TC = 25°C) 
1.0 


600 


400 


200 


100 


~ 


60 
~ 
40I 


20 


0 
10 
~i 6.0 
19 
4.0 
Sz~ 
2.0i 


.~ 
1.0 


0.6 


0.4 


0.2 


.- 
,;::::;- 
,.. 
-;r 


- 
- 
TJ 
J75"C 
/ 


~. 
I 
/ 
t •••• 
TJ -15"C 


I 


T L 175lc 
/ / 


J1 
-I 
I 
/ 
I 
/ 
60" 
CONDUCTION 


16 PHASE STARJ 7 / / 
I 
I 
I 
, 
I 
120" 
CONDUCTION 
/ 
- 
13 PHASE. HALf WAVE OR 'f~// 
/ 
fULL 
WAVE. OR 
- 
6 PHASE WITH 
INTERPHASE) 
/ II 
/ 


I / V / -- 
DC. CONTINUOUS 
/ 1/ / 
'/; / 
;j'/~•..••..... 


180" 
CONDUCTION 


~ 
/ 
11 PHASE. HALf WAVf. 
- '-- 


OR fULL 
WAVf.J 
&V 
A 
/ 


2.4 
f"! 
~~ 
;::~ 
Bi 
<5 


~ 
'"~~!. 
~ 
.F 


40 


~ 
35 
e; 
'" 
~ 
30 
~ 
~ 
25 


z~a 
20 


<> 


; 
15 
~ 


~ 
10 


~ 
§ 


I 
I 
I 
I 
I 
---r 
....••.•. 


I 


0\ 
CDNTlN~OUS 
I 
""'- 


60 Hz, RESISTIVE OR INDUCTIVE LOAD - - 
1 PHASE 


(HALF WAVE OR FULL WAVD 
..••..•..... 


, 
180' 
CONDUCTION 
"'" 


•....... 


I 
---- 


3 PHASE 
/ 
--- 


............. 
..••..•..... 


IHALF WAVf. OR FUL, WAVE) 
............. 
............. 


120' 
CONDUCTION 
............. 
.....•....•.. 
""'- 


6 PHASE STAR 
/' 
--- 


..•....•.•• 
....••.•. 
"'- 


60' 
CONDUCTION 
- 


............. ,-"'- 
- 
~ 
""- 
............. 
"=:::'- "" 


I II 
II 
I 


I 
I 
I 
I 
III 
6~ 
TJ 
- 
Te = 8JC[11 
PAY 
--i---I 


I 
-- 
101'+301' 
-...- 
~ 
-I-- - 
'--I-- 
->- 
- 


24 


22 


20 


18 


1.6 


1.4 


12 


10 


08 


06 


04 


0.2 


o 


1000 


500 


0: 
'""i 


300 
i 


200 


z 
;;; 
~ 
~ 
100 


j 
70 
j 


50 


I 
I 
I 
I 


SURGE APPLIED AT RATEO 
---- 
LOAO CONOITIONS 
r-- 


r--.......... -- 


V'~I".) 
APPIIEO AFTER SURGE 
- 
NON·REPETITIVE IMAX 500 SURGES OURING OEVICE IIFETIMD 
---- 
-- 


~ 
REPETITIVE IUNLIMITED NUMBER OF SURGES, TJ < 175'C 
BEFORE SURGE APPlIEOI 
- 
- 


,/ 
-- -2---t--I--r- 
C\ 
C\ C\ 
- 
~ 
- 
- I-I CYCLE-I 
f- 


- 


100 


70 
~ 
~ 
50 
u 
i5~ 
~ 
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MR327-MRHI 
and IN3491-IN30495rectifiers are dnianed to be press-fitled in a heat link in 
order to aHain full device talinls. 
Recommended procedures for this ty~ 
of mounting are as follows: 


1. Drill a hole in the heat ~ink 0.499 ± .001 inch in diameter. 
2. Break the hole edae as shown to prevent shearing otf the knurled edle of the rectifier when it is 
pressed into the hole. 
3. The depth and width ot the break should be 0.010 inch maximum Coretain maximum heat sink 
surface: contact. 


4. To prevent damale to the rectifier durin. press-in, the pressin. force should be: applied only on 
the shoulder rina of the rectifier case as shown in the fiaure. 
~. The pressina force should be: applied evenly about the shoulder rinl to avoid tillina or cantinl 
of the rectifier case in the hole durina the press-in o~ralion. 
Alto, the use of a liaht industrial 
lubricant will be of considerable aJd. 


® MOTOROLA 


LOW COST RECTIFIERS FOR MEDIUM CURRENT 
INDUSTRIAL AND COMMERCIAL 
APPLICATIONS 


• 
High 
Surge 
Handling 
Ability 


• 
Rugged 
Construction 
for Operation 
Under 
Severe 
Conditions 


• 
Reverse 
Polarity 
Available; 
Eliminates 
Need 
for 
Insulation 
Hardware 
in Many 
Cases 


• 
Hermetically 
Sealed 


lN3659 
thru 
lN3663 


30-AMP 
RECTIFIERS 


Rating 
Symbol 
lN3669 
1 N3660 
1 N3661 
1 N3662 
1 N3663 
Unit 
1 N3669R 
1 N3660R 
1 N3661 
R 
1 N3662R 
1 N3663R 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
50 
100 
200 
300 
400 
Volts 


DC Blocking Voltage 
VR 


AMS 
Reverse 
Voltage 
VR(RMS) 
35 
70 
140 
210 
280 
Volts 


Average 
Half·Wave 
Rectified 
Forward 
Current 
10 


with 
Resistive 
Load @ 1DOcC case 
. 
30 
•. 
Amp 
@ 150°C case 
. 
25 
. 
Amp 


Peak One Cycle 
Surge 
Current 
(150°C 
case temp, 
IFSM . 
400 
. 
Amp 


60 Hz) 


Operating 
Junction 
Temperature 
TJ . 
-65 to +175 
.. 
°C 


Storage 
Temperature 
Tstg . 
-65 to +200 
•. 
°C 


Characteristic 
Symbol 
1N3659 
1N3660 
lN3661 
1N3662 
1 N3663 
1N3659R 
1N3660R 
1N3661 
R 
1 N3662R 
1 N3663R 
Unit 


Maximum 
Forward Voltage at 25 Amp 
VF 
1.2 
1.2 
1.2 
1.2 
1.2 
Volts 


DC Forward 
Current 


Instantaneous 
Forward 
Voltage 
Drop 
vF 
1.4 
Volts 
(iF: 
78.5 Amps. TJ: 
25°C) 


Maximum 
Full Cycle 
Average 
Reverse 
Current 


@ Rated 
PIV and Current 
(as half-wave 
IR(AV) 
50 
4.5 
4.0 
3.5 
3.0 
mA 


rectifier, 
resistive 
load, 150°C) 


Characteriltie 
I 
Symbol 
I 
Value 
I 
Unit 


Thermal 
Resistance. 
Junction 
to Case 
I 
R8JC 
I 
1.2 
I 
°C/W 


-Indicates 
JEOEC 
registered 
data. 


MECHANICAL 
CHARACTERISTICS 


CASE: 
WeldEld 
hermetically 
sealed 
construction 
FINISH: 
All external 
surfaces 
corrosion 
resistant, 
terminals 
readily 
solderable 
WEIGHT: 
9 grams (approx.) 


POLARITY: 
Cathode 
connected 
to case (reverse 
polarity 
available 
denoted 
by Suffix 
R. 
i.e.: 1N3660R) 
MOUNTING 
POSITION: 
Any 


MilliMETERS 
INCHES 
DIM 
MIN 
AX 
MIN 
MAX 
• 
1~494 
16.2~6 0610 '64' 
I 
12.12~ 12.127 ,SO, 
OS~ 


C 
so. '" 


, 
00 


D 
119J "" 
0.047 '" 
, 
2.032 
4126 
, 
- 
1 
- 


4.572 


J 
- 
J.SS6 
Dl 
• 
12.70 
- 
D.' 


•......... 
ISOoC 


25° C 
....... 


-55°C 


J 
1/1 


~.i 10 


o o 
0.2 
0.4 
0.6 
0.. 
1.0 
1.2 
1.4 
1.6 
I.. 
2.0 


V•• FORWARO VOLTAGl (VOLTS) 


~ 


\ 


~ 
25 


~.. 
~ 
20 


¥i~ 
~ 
15 
~.. 
::>u 10I 
e 


100 


T•• CASE TEMPEIATURE 
(OC) 


lN3659-lN3663 rectifiers 
are designed for press-fitted 
mounting in a heat sink. 
Recommended 
procedures 
for this type of mounting are as follows: 


1. 
Drlll a hole in the heat sink 0.499 ± .001 inch in diameter. 
2. 
Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier 
when it is press- 
ed into the hole.. 
3. 
The depth of the break 
should be 0.010 inch maximum to retain 
maximum heat sink surface 
contact 
with the knurled rectifier 
surface. 
4. 
Width of the break should be 0.010 inch as shown. 


These procedures 
will allow proper 
entry of the rectifier 
knurled 
surface, 
prOVidegood rectifier- 
heat 
sink surface contact, 
and assure 
reliable 
rectifier 
operation. 
If the break is made too deep, 
thereby reduc- 
ing contact area for heat transfer, 
reliability 
of operation wlll be impaired. 
These devices can be mounted in a thin chassis 
by inserting 
the rectifier 
through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. 
This provides additional 
con- 
tact area for the rectifier 
knurled edge, as well as additional heat sink capacity. 
~ 
Ui·OlNOM 
'W1II 
"'{~ 


1=2Q! ~ 
L 


505 


DIA 


.24 
~---- 
-HrA-G~-,f-~-- 
,- 
---j 
~ 
0.499 ± 0.001 
DIA 


HEAT SINK 
MOUNTING 


TYPICAL THERMAL 


RESISTANCE, CASE 


TO SINK. lies = Q.2-C/W 


@ MOTOROLA 


Desi~'ners 
Data Sheet 


STUD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


. designed for special applications such as de power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Oesigner's 
Data for "Worst 
Case" Conditions 


The Designers 
Data sheets permit the design of most circuits entirely 
from the 
information 
presented. 
Limit curves - 
representing boundaries on device character- 


istics - are given to facilitate 
"worst 
case" design. 


A.tlne 
Symbol 
lN3879 
lN3880 
lN3881 
tN3882 
lN388J 
MR136 
Unit 
Peak RepetItIve Reverse VOlteV"' 
VAAM 
Voru 


Workmg Pe.k ReverM Volta91 
VRWM 
50 
100 
200 
300 
400 
600 
DC Blocking Voltage 
VR 
Non·Aepetlt"", 
Pe.k Reverse VOlt.ge 
VRSM 
7S 
150 
250 
350 
450 
650 
Volts 
RMS Reverse VOltage 
VRIRMSI 
35 
70 
140 
210 
280 
420 
Volu 
Average RectIfIed Forw.rd Curr,nt 
'0 
Ampi 
IS,ng'e phue. rel'5\'YI load, 
.. 
60 
• 
TC·100oCI 


Non·Repelll,ve Pe.k Surge CUrrll'lt 
IFSM 
Amps 
lsurge ~r,ecl 
.1 rated load 
. 
150 
. 


cont,nuOusl 
lonecvclel 
OperatIng Ju,",c"on Temperlture 
Range 
TJ 
.. 
-65 to +150 
.. 
°c 


Stor. 
Temperature 
Range 
Tng 
.. 
-651o 
·175 
• 
°c 


Charac:tlnU'c 


Thllmal 
Res,nanc., 
Junction to Clse 


CharacteriUlc 
Symbol 
Min 
Ty. 
M •• 
Unit 


Instantaneous 
ForwI<d Voillge 
'F 
VOlIS 
{OF" 19 Amp, TJ. 
1500CI 
- 
12 
15 


FOfwl,d Vollage 
VF 
VollS 


OF· 
6.0 Amp. TC· 
250CI 
- 
10 
14 


Revlll'MCurrlnt t'lted 
de voltagel TC .• 25uC 
'R 
10 
15 
.A 


TC ·,CJl:)OC 
- 
OS 
1.0 
mA 


Chlracteristic. 
SyMbol 
..," 
Ty. 
.... 
Unit 
R••••••M fhccwery T,me 
on 
"' 
ellFM• 
1.0 Amp to VR - 30 Vdc. Flgur. 161 
- 
150 
200 


llFM· 
J6 Amp. dl/dt· 
25 A/jls. 
F'liUr. 171 
- 
200 
400 
A..,...AK~y Curr."t 
'RMIRECl 
AmO 


ellF• 
1.0AmptOVR· 
JOVdc. F!9Ur.'61 
- 
- 
20 


IN3879thrulN3883 


MR1366 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
6 AMPERES 


CASE: Welded. hermetically sealed 


FINISH: 
All external surfaces corrosion 
resistant and readdy solderable 


POLARITY: 
Cathode to Case 


WEIGHT: 
5.6 Grams (approximately) 


MOUNTING TORQUE: 
15 in·lb. max. 
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TYPICAL 
RECOVERED 
STORED 
CHARGE 
DATA 


FIGURE 
12 - TJ = 25°C 
(SEE NOTE 
2) 
FIGURE 
13 - TJ = 75°C 
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Jon 


50W 


NON·INOUCTIVE 


UNIT 


UNOEA 
TEST 


A2In 
lOW 


NON·INDUCTIVE 
30 Vdc 


CONSTANT 
VOL TAGE 


SUPPLY 
•. 


A - 
TEKTADNIX 
545A, 
K PLUG 
IN 


PAE·AMP, 
P6000 
PADBE 
OA 
EOUIVALENT 


A, 
- 
ADJUSTED 
FDA 
1.4 nBETWEEN 


POINT 
2 OF 
AELAY 
AND 
AECTIFIEA 


INDUCTANCE 
~ JB"H 


A2 - 
TEN·I 
W, 10 11, ,% CAABON 
CDAE 


IN PAAALLEL 


TA" 
2S ~l~oC 
FOR RECTIFIER 


MINIMIZE 
ALL 
LEAD 
LENGTHS 


1.0 Ado 
FAOM 
CONSTANT 
VOL TAGE 
SUPPL Y 


RIPPLE'" 
3 mVrms 
MAX 


- 
Zout" 
lY, nMAX. 
DC 102kHz 


Rl" 
50 Ohms 
R2:: 250 Ohms 


01 
- 
IN472J 


D2·IN4001 


OJ· 
IN49JJ 


SCAI 
• MCA729·10 
C1 '" 0.5 to 50,l.lF 
C2 ~ 4000/-IF 


11-10-27"H 
TI " Variac Adjusts 
IlPK) and d./dl 


T2'1.1 
T3" 1:1 (to trigger circuit) 


T1 


120]:)VC 
T 


I 


2 


1 


60 Hz 


1.1 


, 


Reverse 
recovery 
time 
1$ the 
period 
which 
elapses 
from 
the 


time 
that 
the 
current, 
thru 
a previously 
forward 
biased rectifier 


diode. 
passes thru 
zero gOing 
negatively 
untd 
the 
reverse 
current 


recovers 
to 
a point 
whIch 
is less than 
10% 
peak 
reverse 
current 
Reverse recovery 
time 
IS a direct 
functIon 
of the forward 


current 
pnor 
to the application 
of 
reverse 
voltage. 


For 
any 
given 
rectlf,er, 
recovery 
time 
IS very 
CIrCUit 
depend- 


ent. 
Typical 
and 
maximum 
recovery 
time 
of all 
Motorola 
fast 


recovery 
power 
rectifIers 
are rated 
under 
a fixed 
set of conditions 


uSing 
IF 
= 
1.0 
A, 
VR 
= 
30 
V 
In 
order 
to 
cover 
all 
CIrCUIt 


condItIons, 
curves 
are given 
for 
typIcal 
recovered 
stored 
charge 


versus 
commutatlon 
dl/dt 
for 
various 
levels 
of 
forward 
current 


and 
for 
Junction 
temperatures 
of 
25°C, 
75°C, 
1000C, 
and 
lSo"C, 


To 
use 
these 
curves, 
It 
IS necessary 
to 
know 
the 
forward 


current 
level 
just 
before 
commutation. 
the circuit 
commutation 


di/dt, 
and 
the 
operating 
junction 
temperature. 
The 
reverse 
re- 


covery 
test 
current 
waveform 
for 
all 
Motorola 
fast 
recovery 


rectifiers 
IS shown. 


CUAAENT 


VIEWING 


AESISTDA 


From 
stored 
charge 
curves 
versus 
di/dt, 
recovery 
time 
(trrl 


and 
peak 
reverse 
recovery 
current 
IIRMIRECI) 
can 
be 
closely 


approximated 
usmg 
the 
following 
formulas: 


[ 
OR 
J 1/2 
trr 
= 1.41 x 
-.- 
dl/dt 


® MOTOROLA 


Designers 
Data Sheet 


STUD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


. designed for special applications 
such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical 
recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designer's 
Datd for "Worst 
Case" Conditions 
The Designers 
Data sheets permit the design of most circuits entirely 
from the 


information 
presented. 
Limit 
curves - 
representing boundaries on device character- 
istics - are given to facilitate 
"worst 
case" 
design. 


R.ting 
Symbol 
1N3889 
1N3890 
1N3891 
1N3B92 
1N3893 
MR1376 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VARM 
Volts 
Working 
Peak 
R••••erse Voltage 
VRWM 
50 
100 
200 
300 
400 
600 
DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak Reverse 
VRSM 
75 
150 
250 
350 
450 
650 
Volts 
Voltage 


AMS Reverse 
Voltage 
VA(RMSI 
35 
70 
140 
210 
280 
420 
Volts 


Average 
Rectified 
Forward 
'0 
Amps 
Current 
lSingle phase, 
reSIstive 
. 
12 
. 


load, TC" 
l00oC) 


Non-Repetitive 
Peak Surge 
IFSM 
Amp 
Current 
(Surge 
applied 
at 
. 
200 
. 


rated 
load 
conditions) 
(one 
cycle) 


Operating 
Junction 
Temperature 
TJ 
. 
-65 
to +150 
. 
DC 
Range 


Star. 
Temperature 
Range 
T stg . 
-65to+175 
. 
DC 


o,.rKt.ristic: 
Symbol 
Min 
Tvp 
Mox 
Unit 


Instantaneous 
Forward 
Voltage 
'F 
Volts 
(iF" 
38 Amp, 
T J" 
1500C) 
- 
1.2 
1.5 


Forward 
Voltage 
VF 
Volts 
(IF" 
12 Amp, 
TC" 
250C) 
- 
10 
1.4 


Reverse 
Current 
(rated 
de voltage) 
TC:: 
25uC 
'R 
- 
10 
25 
"A 


TC = 1000C 
- 
0.5 
30 
mA 


Characteristic 
Symbol 
Min 
TV. 
Ma. 
Unit 


Reverse 
Recovery 
Time 
t" 
ns 


(IF" 
1.0 Amp 
to VR" 
30 Vdc, 
Figure 
16) 
- 
150 
200 


(I FM •• 36 Amp, 
di/dt 
•• 25 A/~s, 
Figure 
17) 
- 
200 
400 


Reverse 
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MR1376 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
12 AMPERES 


CASE: 
Welded, hermetically 
sealed 


FINISH: 
All external surfaces corrosion 
resistant and readily solderable 
POLARITY: 
Cathode to Case 


WEIGHT: 
5.6 grams (approximately) 


MOUNTING 
TORQUE: 
15 in-lb. ma•. 
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MINIMIZE ALLLEAO 
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Reverse recovery time is the period which elapses from the 
time that the current. thru a previously forward biased rectifier 
diode, 
passes thru zero going negatively 
until the reverse 
current 


recovers to a point which is lessthan 10% peak reverse current. 


Reverse recovery time is a direct function 
of the forward 
current prior to the application of reverse voltage. 


For any given rectifier. 
recovery time is very circuit depend- 
ent. 
Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF •• 1.0 A, VR = 30 V. 
In order to cover all circuit 
cxmditions, curves are given for typical recovered stored charge 
versus commutation 
di/dt 
for various levels of forward current 
and for 
junction 
temperatures 
of 2SoC. 1SoC. 1000C. and 
15o"C. 


To use these curves, it is necessary to know 
the forward 
current leve' just before commutation, 
the circuit commutation 
di/dt, 
and the operating junction 
temperature. 
The reverse re- 


covery 
test curr.nt 
waveform 
for all Motorola 
fast recovery 


rectifiers i.shown. 


CURRENT 
VIEWING 
RESISTOR 


From stored charge curves versus di/dt, 
recovery time (trr) 
and peak reverse recovery current 
(IRM(REC)) 
can be closely 
approximated 
using the following 
formulas: 


[ 
a j 1/2 
Irr '" 1.41 x _R_ 
di/dt 
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Designers Data Sheet 


STUD MOUNTED 
FAST 
RECOVERY 
POWER RECTIFIERS 


.. designed for special applications such as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and freewheeling diodes. A complete line of fast recovery rectifiers 
having typical recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


Designers 
Data for "Worst 
Case" Conditions 
The 
Designers 
Data 
sheets 
permit 
the design 
of most 
circuits 
entirely 
from 
the 


information 
presented. 
Limit 
curves - 
representing boundaries on device character- 
istics - are given to facilitate 
"worst 
case" 
design. 


Rlting 
Symbol 
lN3899 
lN3900 
lN3901 
lN3902 
lN3903 
MR1386 
Unit 


Pe.k 
RepetItive 
Reverse 
Vottage 
VRAM 
Volts 


Working 
PfNlk Reverse 
VOIUtge 
VRWM 
50 
100 
ZOO 
300 
400 
600 
DC !!Iocking 
Voltage 
VA 


Non-Repetitive 
Peak Reverse 
VASM 
75 
150 
250 
350 
450 
650 
Volts 
Voltage 


AMS Reverse 
Voltage 
VAtAMS) 
35 
70 
140 
210 
280 
420 
Volts 


Ay.r. 
RectIfied 
Forw ••..d 
'0 
Amps 


Current 
ISinile 
pt'lase, resistiva 
20 
loed, TC • l000CI 


Non·R.~titiv. 
P.ek 
Surge 
IFSM 
Amps 
Currlnt 
(surge applied .t 
250 
r.ted 
loed conditions) 
(one cycle) 


Opereting 
Junction 
Temperature 
T, 
-6510 
+150 
°c 
Range 


Stor. 
Tempereture 
Range 
Tug 
-65 
to +175 
°c 


Cher.cteristH: 
Symbol 
Min 
Typ 
M •• 
Unit 


Instant.n~u, 
Forw •. d Voltage 
"F 
Volts 


(iF" 
63 Amp, 
TJ" 
1SOoC) 
- 
1.2 
1.5 


Forward 
Vol tage 
VF 
Volts 


(IF - 20 Amp, 
TC - 250Cl 
- 
1.1 
1.4 


Reve"e 
Current 
lrated 
de .••oItagel 
TC - 25 
C 
'A 
- 
10 
50 
_A 


TC -l0rJ0C 
- 
0.5 
6.0 
mA 


Ch.r.ct 
••..irtic: 
Symbol 
Min 
Typ 
M•• 
Unit 


R••••••..••RIICOVWVTim. 
'n 
n. 


IIF - 1.0Ampto 
VR -30Vde, 
Figur"61 
- 
150 
200 
IIFM - 36 Amp, 
dt/dt 
•• 25 AlliS, Figura 
11) 
- 
200 
400 


R•••••• 
R«:ov«y 
Current 
IRM\RECI 
Amp 


lIF - 1.0 Amp 
to VR" 
30 Vdc. Figure 
161 
- 
- 
3.0 


IN3899 thru IN3903 
MR1386 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
20 AMPERES 


". 
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CASE: 
Welded. hermetically 
sealed 


FINISH: 
All external surfaces corrosion 
resistant and readily solderable 


POLARITY: 
Cathode to Case 


WEIGHT: 
17 Grams (Approximately) 


MOUNTING 
TORQUE: 
25 in-lb. max. 
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IF(AV). AVERAGE FORWARO CURRENT (AMP) 


FIGURE 7 - CURRENT 
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Reverse 
recovery 
time 
is the 
period 
which 
elapses 
frOiTl the 
lime 
that 
the current. 
thru 
a previously forward 
biased 
rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers 
to a point 
which 
is less than 
10% peak reverse 
current. 


Reverse recovery time 
is a direct 
function 
of the forward 


current prior to the application of reversevoltage. 


For any given rectifier, recovery time is very circuit depend- 
ent. 
Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed setof conditions 
using IF"" 
1.0 A, VA "" 30 V. 
In order to cover all circuit 


conditions. curves are given for typical recovered stored charge 
versus commutation 
di/dt 
for various levels of forward current 


and for 
junction 
temperatures of 
2SoC. 7SoC. l000C, 
and 
lSo"C. 


To use these curves. it is necessary to know 
the forward 
current level just before commutation, 
the circuit commutation 
di/dt. 
and the operating junction 
temperature. 
The reversere- 
covery test current 
waveform for all Motorola 
fast recovery 
rectifiers is shown. 


CURRENT 
VIEWING 
RESISTOR 


From stored charge curves versus di/dt. 
recovery time (trr) 
and peak reverse recovery current 
(lAM(AEC») 
can be closely 
approximated using the following formulas: 


[ 
OR 
J 
1/2 
trr"" 
1.41 x 
-.- 
do/d! 
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Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


. designed for special applications 
such as dc power supplies, inverters, 


converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical 
recovery time of 150 nanoseconds providing high efficiency 


at frequencies to 250 kHz. 


The Designers 
Data sheets permit 
the design of most circuits entirely 
from the 


information 
presented. 
Limit 
curves - 
representing boundaries on device character- 


istics - - are given to facilitate 
"worst 
case" 
design. 


Rating 
Symbol 
lN3909 
lN3910 
lN3911 
lN3912 
lN3913 
MR1396 
Unit 


P"ak 
RepetitIVe 
Reverse 
Voltage 
VARM 
Volts 


Working 
Peak Reverse Voltage 
VAWM 
50 
100 
200 
300 
400 
600 


DC B10ddng Voltage 
VR 


Non·Repetiti 
..••e Peak 
Reverse 
VRSM 
75 
150 
250 
350 
450 
650 
Votts 


Voltage 


AM$ 
Reverse Voltage 
VRIRMSl 
35 
70 
140 
210 
280 
420 
Volts 


A .••erage 
RectifIed 
Forward 
'0 
Amps 


Current (Single phase, 
30 


resistive load, TC = 1000el 


Non-Aepetllive 
Peak 
Surge 
IFSM 
Amp 


. Current (surge applied at rated 
300 
load conditionsl 


Operating Junction 
TemperatlHe 
TJ 
-65 to +150 
°c 


Aange 


Storage Temperature 
Aange 
Tstg 
-6510+175 
°c 


~- 
Chlrlct.ri,tic 
Symbol 
Min 
TVp 
MIx 
Unit 


Instantanl:lOus Forward 
Voltage 
'F 
.- 
1.2 
1.5 
Volts 


(iF" 
93 Amp, TJ" 
150°C) 


Forward 
VOltage 
VF 
- 
1.1 
1.4 
Volts 


(IF" 
30 Amp, TC "·2SoC) 


Aeverse Current 
(rated de voltage) TC ••25°C 
'R 
- 
10 
25 
.A 


TC" 
100°C 
- 
0.5 
1 0 
mA 


Chlrec:t.ri1t;c 
Symbol 
Min 
TVO 
M•• 
Unit 


Aeverse kecovery 
Time 
1" 
n. 
OF" 
1.0 Amp to VA •• 30 Vdc, Figure 16) 
- 
150 
200 


lIFM 
'" 36 Amp, di/dt 
•• 25 A/~s, 
Figure 17) 
- 
200 
400 
Reverse Recovery Current 
IRMIRECI 
15 
2.0 
Amp 


(IF" 
1.0Ampto 
VA" 
30Vdc, 
Figure 161 


IN3909 thru IN3913 
MR1396 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 
VOLTS 
30 AMPERES 


DIM 


~'11.I I'll rrb 
IM'III,S 


I"Iln, 
IU.' 
n," 
"'." 
, 
1"."1 
I-.·j<, 
(I."" 
1I.(,r 
" "' 
".:,', 


.n 
1'.·1.'1' 
,. 
" 
!.": 
5,(1'; 
... " 
11.;<'(' 
,. 
;.(1; 
<'."'" 
" 
S.' 
lI.Il,,(, 
, 
ill, 
, 
.;1 
".4:; 
-,~- 
, 
;" ,.. 
, .nlll' 
~" 
... I,: 


,. 
5.,': 
". 
... ;;p 
ll.;!" 
., 
;.'1' 
,·1- 
I.'" 
... ", 


CASE: 
Welded, hermetically 
sealed 


FINISH: 
All external surfaces corrosion 
resistant and readily solderable 


POLARITY: 
Cathode 
to Case 


WEIGHT: 
17 Grams (Approximately) 


MOUNTING 
TOROUE: 
25 in-lb. max. 


\00 


300 


200 


100 


70 


\0 
•...z~~~ 
30 
" 
u"'" 
20 
'" 
~ 
"~ 
10 


~ 7.0 
'"~ \.0 
o.j, 


30 


1.0 


10 


0.7 


TJ '" 25°C 
Y 
~ 


V 
./ .--- 


/ 
../ 


./ 
150aC 


/ 
-- 
I/ 


III 


I 


, 


HSI 


PPk 
Ppk 


DUTY CYCLE, 0 '" 11'/11 


II' _ 
PEAK PQWE R, Ppk. is peak 01 an 
eQuivalenl 
SQuarepowtr 
pulse. 


TIME 
1----,,---1 


To determine 
maximum 
lunClIon lemperillure 
01 the dIode In a !lIven IItuatlon. 


the 
followmg 
procedure 
111Kommended 


The ttmptfa1ure 
ollne 
case should be muwred 
USinga thermocouple 
placed 


on the clSe a' the "mprntufl! 
frlerence 
POint lsee 
NOle 31 
The ttl"m.1 
mISS 


connected 
to the cast 
IS IlOrm.l1y large enougl'! so thilt It Will not significantly 
respond to hut 
wrgngener.ted 
In thed,ode 
asa ruultof 
pulsed opera I,ononer 


steady·statecond'llollsareach'l!ved. 
Usm'lthe 
measlllrdvalueo! 
TC,lheJunctlon 


Itrnplf.ture 
may bedflermmtd 
by 


TJ -TC 
+ 
.TJC 


where 
G TJC 
1$ Ih, 
Increase 
In Junctic;n 
lemptfllUre 
ilbove 
Ihe 
use 
lempe,ature 


II may 
bedelc,mlOed 
by 


6 
TJC 
'" Ppk 
-RSJC 
10 
+ (1 ·0) 
. rIll 
+ tpl 
+ rllp) 
-'(llli 


wiler. 


rll) '" normahz,d 
value of transienl 
tllermal ,tsistanceat 
time, I. from f'9llfe 
J.i.t 
I Iii 
't-'p}=norm.lizedvaIUfOllransieni 
Illermallesislfnceatlimell+lp 


-- 


.--- 


(SEE NOTE 11 
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TEMPERATURE 
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0.1 
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0.1 


-== 
~ 
TJ'" 
25°C 
=== "lli- 


f--- 


- 
~lh 
IIfr 
- 
1/ 


./ 


VIr'" 
1.1 V 


.-.- 
--- 


'00 


~ 
50 


wuz<•... 


30 
U~5 
u 
10 


-.... 
TJ 015'e 


.........• I-... 


..••.• 


TYPICAL 
RECOVERED 
STORED 
CHARGE 
DATA 
(Sel Noto 21 


IFM ' 10 A 


40 A 
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50A 
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/.~ 


~ 
<- 


lOA 


50 A 


~/ 
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.h-/IX: 
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i10A 
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10 A 
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~ 
1 
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3un 
sow 


NON· INDUCTIvE 


UNIT 


UNOER 
TEST 


R2In 


lOW 


NON·INDUCTIVE 
30 Vdc 


CONSTANT 
VOLTAGE 


SUPPl Y 
+ 


A - 
TEKTRONIX 
S4SA. 
K PLUG 
IN 


PRE·AMP. 
P6000 
PROBE 
OR EQUIVALENT 


Rl 
- 
ADJUSTED 
FOR 
1.4 nBETWEEN 


POINT 
2 OF 
RELAY 
AND 
RECTIFIER 


INOUCT 
ANCE 
~ 38 $olH 


R2 - TEN·l 
W, 10 n. 1"0 CARBON 
CORE 


IN PARALLEL 


TA::: 25 ~l~oC 
FOR 
RECTIFIER 


MINIMIZE 
ALL 
LEAD 
LENGTHS 


1.0 Adc 
FROM 
CONSTANT 
VOLTAGE 
SUPPLY 


RIPPLE 
::: 3 mVrms 
MAX 


- 
Zout::: 
I'll nMAX, DC to 2 kHz 


AI::: 50 Ohms 
R2::: 250 Ohms 


01' 
lN4723 


02' 
lN4001 


03' 
lN4933 


SCR 1 • MCR729·10 
Cl :::0510 
50 $olF 
C2 ~ 4000 IJF 
11 = 1.0-27p.H 
11 = Variac Adjusts 
IlPKI and dl/dt 


T2 = 1:1 


T3 = Ll 
(to logger 
CircUit) 


TI 


120 


v1:)c 
T 


I 


2 


1 


60 Hz 


11 


Reverse recovery time is the period which elapsesfrom the 


time that the current, thru a previously forward biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers 
to a point 
which 
is less than 
10% peak 
reverse 
current. 


Reverse 
recovery 
time 
is a direct 
tuncI.ion 
of the 
forward 


current prior to the application of reversevoltage. 
For any given rectifier, recovery time is very circuit depend- 


ent. 
Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed setof condi tions 
using IF = 
1.0 A, VR = 30 V. 
In order to cover all circuit 


conditions, curves are given for typical recovered stored charge 
versus commutation 
di/dt 
for various levels of forward current 
and for 
junction 
temperatures of 
2SoC, 7SoC, loc:PC, 
and 
lSo"C. 


To use these curves, it is necessary to know the forward 
current level just before commutation, 
the circuit commutation 
di/dt, 
and the operating junction 
temperature. 
The reversere- 


covery test current 
waveform for all Motorola 
fast recovery 
rectifiers is shown. 


CURRENT 


VIEWING 


RESISTOR 


From stored charge curves versus di/dt. 
recovery time (trr) 


and peak reverse re:::overy current 
(I RM(RECI) 
can be closely 
approximated using the following formulas: 


[ 


Q 
] 
1/2 


trr = 1.41 x _R_ 


di/dt 


@ MOTOROLA 


... 
subminiature 
size, axial 
lead mounted 
rectifiers 
for general- 
purpose 
low-power 
applications. 


·M4llIMIlM 
A4TII\J"~ 
§ 


N 
M 
.. 
'" 
'" 
§ 
§ 
§ 
§ 
§ 
§ 


R'ling 
Symbol 
:!: 
:!: 
:!: 
:!: 
:!: 
:!: 
:!: 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRAM 


Working 
Peak Reverie 
VOltage 
VAWM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


DC Blocking 
Voltage 
VA 


Non-Repetlt,ve 
Peak Reverse Voltage 
VRSM 
60 
120 
240 
480 
720 
lOoe 
1200 
Volts 


lhaltwave. 
sIngle phase, 
60 Hz) 


RMS 
Ae •••erse VOltage 
VRtRMSI 
35 
70 
'40 
280 
420 
560 
700 
Volts 


Average 
Rectified 
Forward 
Current 


(Single phase, reSistive load, 
'0 . 
10 
. 
Amp 


60 Hz, see Figure 
8. T A"" 
75°C) 


Non·Repetltl..,e 
Peak Surge Current 


(surge applied 
at rated toad 
lFSM . 
30 (for 
1 cycle) 
. 
Amp 


conditions, 
see Figure 21 


OperatIng 
and Storage Junction 
TJ,Ts19 
..• 
-65 
to +175 
°c 
Temperature 
Range 


CharacterIStic 
and Conditions 
Symbol 
TVp 
M •• 
Unit 


MaXimum Instantaneous 
Forward 
VOltage Drop 
VF 
0.93 
1.1 
Volts 


(IF'" 
1 0 Amp. 
T J '" 2SoCl 
Figure 
1 


MaXimum Full·Cvcle 
A'Ierage Forward Voltage Drop 
VFIAVI 
- 
08 
Volt, 
"0" 
1.0 Amp, Tl 
•• 75°C, 
1 inch leads) 


MaXImum Reverse Current (rated de vol tage) 
'R 
"A 
TJ .• 25°C 
005 
10 
TJ" 
100°C 
1.0 
fiO 


Maximum 
Full-Cvcle Average Reverse Current 
IRIAVI 
- 
30 
"A 


(10" 
1.0 Amp, Tl 
.• 75°C. 
1 Inch leads 


CASE: 
Void free, Transfer Molded 
MAXIMUM 
LEAD TEMPERATURE 
FOR SOLDERING 
PURPOSES: 
350oC. 3/8" 
from 


case for 10 seconds at 5 Ibs. tension 
FINISH: 
All external surfaces are corrosion-resistant, 
leads are readily solderable 
POLARITY: 
Cathode indicated by color band 
WEIGHT: 
0.40 Grams (approximatelyl 


1 N4001, S 


thru 
1 N4007, S 


LEAD 
MOUNTED 
SI LICON 
RECTI FI ERS 


r=_o 
K 
LA 


CATHOOEI ---l 


BAND I 


K 


MILLIMETER 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
24.70 
520 
0185 
0.205 


B 
279 
3.05 
0.110 
0.120 


D 
0.034 


K 
25.4 
LOOo 


DOES NOT CONFORM 
TO JEOEC 00-41 
OUTLINE 
1N4001S SERIES 


MilliMETERS 
DIM 
MIN 
MAX 
A 
5.97 
6.60 
B 
2.79 
3.05 
o 
0.76 
0.B6 
K 
27.94 


INCHES 
MIN 
MAX 
0.235 
0.260 
0.110 
0.120 
0.030 
0.034 
1.100 


® MOTOROLA 
lN4719 thru lN472S 
lN4997 thru lNS003 


3.0 AMPERES 
50- 1000 VOLTS 
DIFFUSED JUNCTION 


having 
low 
forward 
voltage 
drop 
and 
hermetic 
metal 
packages. 


High 
surge 
current 
capability 
and 
good 
thermal 
characteristics 


provide 
reliable 
operation. 


1 N4719 
1 N4720 
1N4721 
1N4722 
1N4723 
1N4724 
1N4725 
Rating 
Symbol 
1 N4997 
1N4990 
1N4999 
1N5000 
1N5001 
1N5002 
1N5003 
Unit 


Peak Repetltlve 
Reverse 
Voltage 
VRRM 
50 
100 
200 
400 
600 
800 
1000 
Volts 
Working 
Peak Reverse 
Voltage 
VRWM 


DC Blockmg Voltage 
VR 


Nonrepetlllve 
Peak Reverse 
Voltage 
VRSM 
100 
200 
300 
500 
720 
1000 
1200 
Volts 
(one half-wave, 
single phase. 


60 cycle peak) 


RMS 
Reverse 
Voltage 
VR(RMS) 
35 
70 
140 
280 
420 
560 
700 
Volts 


Average 
Rectified 
Forward 
Current 
10 
30 
.. 
Amp 
(single 
phase. 
resistive 
load. 60 Hz. 


TA = 75°C) 


Nonrepetltlve 
Peak Surge 
Current 
IFSM . 
300 (for 1, 2 cvcle) 
•. 
Amp 


(superimposed 
on rated current 
at rated voltage. 
TA = 75°C) 


Operating 
and Case Temperature 
TJ. Tstg 
.• 
-65 to +175 
•.. 
°C 


Characteristic 
Symbol 
Max 
Limit 
Unit 


·Instantaneous 
Forward 
Voltage 
vF 
Volts 
(iF = 3.0 A. TJ = 75°C. Half Wave Rectifier) 
10 


·Full 
Cycle Average 
Reverse 
Current 
IRIAV) 
mA 


(10 = 30 
Amps and Rated YR.TA = 75°C, 
1.5 
Half Wave 
Rectifier) 


DC Reverse 
Current 
IR 
mA 


(Rated YR. TA = 25°C) 
0.5 


MECHANICAL 
CHARACTERISTICS 
CASE: 
Welded, 
hermetically 
sealed construction 
FINISH: 
All external 
surfaces 
corrosion-resistant 
and leads readily 
solderable. 


POLARITY: 
CATHODE 
TO CASE (reverse 
polarity 
units are available 
upon request 
and are deSignated 
by an "R" 
suffIx I.e. 1N4720R). 


MOUNTING 
POSITIONS: 
Any. 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
1143 
0'50 


8 
8.89 
- 
0.350 


C 
- 
7.62 
- 
0.300 


0 
1.17 
1..2 
0.0'6 
0.056 


K 
2'.89 
0.980 
- 


--11 


T-t 
j 


I 
I~ 
I-----.LB 
C 


NOTE, 


1. 
OIM "G" 
CONTROL 
LEO 


WITHIN 
ZONE 
"H" 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 
A 
10.16 
12.70 
0.'00 
0.500 


8 
7.62 
8.89 
0.300 
0.350 


C 
6.60 
8.89 
0.26D 
0.350 


0 
1.17 
1.42 
0.0'6 
0056 


f 
0.69 
0.9' 
0.027 
0.037 


G 
'.19 
'.95 
0.165 
0.195 


H 
3.0\ 
3.30 
0.120 
0.130 


K 
22.86 
- 
0.900 
- 


® MOTOROLA 


designed for 
special applications 
such as dc power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. 
A complete line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


Designer's 
Data for "Worst 
Case" 
Conditions 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 
the 


information 
presented. 
Limit 
curves - 
representing 
device characteristics 
boundaries- 


are 
given 
to 
facilitate 
"worst 
case" 
design. 


'MAXIMUM 
RATINGS 


Rating 
Symbol 
lN4933 
lN4934 
lN4935 
lN4936 
lN4937 
Unll 


Peak 
Aepelo!,ve 
Reverse 
Vollage 
VRAM 
SO 
100 
2tlO 
400 
600 
VOIIS 


Working 
Peak 
Reverse 
Voltage 
VAWM 


DC Blocking 
Voltage 
VA 


Nonrepel,!,ve 
Peak 
Reverse 
Voltage 
VRSM 
15 
150 
250 
450 
650 
Valls 
RMS Reverse Voltage 
VRfRMSI 
35 
10 
'40 
280 
420 
Volts 


Average 
Aecl,fll'!d 
Forward 
Current 
'0 - 


1.0 
. 
Amp 


lS,ngle 
phase. 
reSistIve 
load, 


T A "' 750CI 


Nonrepet'!\Ve 
Peak 
Surge 
Current 
IFSM - 


30 
- 


Amps 
ISurge 
applied 
at rated 
load 


condItIons) 


OperatIng 
JunctIon 
Temperature 
Range 
TJ 
- 
-65 
to 
+ 150 
. 
°c 


Storage 
Temperature 
Range 
Tstg 
----- 
-65 
to •. 175 ----- 
°c 


Characteristic 


Thermal 
Reslstante, 
JuncttOn 
to AmbIent 


(TYPIcal 
Prmted 
C.rCUlt-Board 
MountIng) 


Characteristic 
Symbol 
Min 
Tv. 
M•• 
Unit 


"Instantaneous 
Forward 
Voltage 
vF 
- 
1.0 
1.2 
Volts 


(iF· 
3.14 
Amp, 
TJ· 
150°C) 


Forward 
Vortage 
VF 
- 
1.0 
1.1 
Volts 


(I F • 1.0 Amp, 
TA • 25°C) 


"Re~rse 
Current 
IRated 
de Voltage) 
T A - 25°C 
'A 
- 
1.0 
50 
"A 


TA·1000C 
- 
50 
'00 


Characteristic 
Symbol 
Min 
Tvp 
M•• 
Unit 


Reverse 
Recovery 
T,me 


(IF· 
1.0 Amp 
to VR • 30 VdcllF,gure 
21) 
'" 
- 
150 
200 
n, 


IIFM· 
15 Amp .• Mdt· 
10A/~s 
(F,gure 
22) 
- 
115 
300 


Reverse 
Recovery 
Current 
IRM(REC) 
1.0 
2.0 
Amp 


(IF - 1.0 Amp 
to VR - 30 Vdc) 
{Figure 
211 


"'ndlc.tft 
JEoEC 
Regluered 
Data 


IN4933 thru IN4937 


FAST RECOVERY 
RECTIFIERS 


50-600 VOLTS 
, AMPERE 


I 
K 
- 
0 


L=3 


CATHODE1 
I 


BAND 


K 


~ 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.97 
6.60 
0.235 
0.260 


B 
2.79 
3.05 
0.110 
0.120 


0 
0.16 
0.B6 
0.030 
0.034 


K 
27.94 
- 
1.100 
- 


CASE: Void free, transfer molded 


FINISH: 
External leadsare readily solderable 


POLARITY: 
Cathode indicated by 
polarity band 


WEIGHT: 
0.4 Gram (approximately) 


I 
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./ 
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- _TJ'250C 
./ 
1/ 
/' 


TYP'CAl I 
V 
MAXIMUM 
V V 


I 
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I, 
I,,/ 


SINE WAVE INPUT 


FIGURE 4 - 
FORWARD POWER DISSIPATION 
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DUTY CYCLE, 
0 : Iplli 
lp_ 
PEAK POWER, Ppl:..is peak 01 in 
equivalent 
SQuare power 
pulse. 
I-- ,,-----...j 
TIME 


Todtlfrminem;Ulmum 
JunCllon ttmpefilult 
01 the diode in a given situalion. 


the following procedure is fecommendtd" 


The lemptralurt 
of the CIWshould be me.sured 
using ••thermocouple 
pllcrd 
on the case " 
the temptfJlure 
rffenne! POint fsee NOlt 31. The Ihtrm,l 
mus 
connected 
to the case II norm,l1y large enough so ,hal'I 
Will not signtl,untl'l' 


Itspondloheitsurgesgeneratrdlnthedlodeuarewllolpulsedoperlliononce 
study·statecondllionsareachieved. 
UsinglhemeuurrdvalueolTC.lhejunctlon 


lempentuurNybedrttfmmedby: 


TJ- 
Te +I\TJC 


where 1\ TJC 1$the increne 
in junCllon tempefilure 
ibove Ihe uw 
tlmpefiture. 


11 miY be delermin!d 
by. 


lJ.TJC: 
Ppk 
'R8JC 
10 + (J 
- 01' 
rill 
+ Ipl +tltpl 
- r(1111 
when 
rltl 
= normalized viltue 01 lrinsientthermalresisliinCealtime,l,lromFigure 
3,i.e 
r hl 
+ tpl s normilh,!d 
Vilue 01 lransienllhtrmil 
rninanu 
it! time 11+ Ip 


Data shown 
for thermal 
retistance 
junction·lo·ambienl 
(8JA) 
for the 


mountings 
shown 
IS to be used as typical 
guideline 
valun 
lor preliminary 
engineering 
or in case the tie point 
temperature 
canllOt be measured. 


TYPICAL VALUES FOR 8JA IN STILL AIR 


~ H 
P. C. Board with 
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'-1/1"x.·1/1"""pp".,rlm 
L' Jl8" 


'"""'"""'"" 
~ 
] 
~ 
· ~..::SJ= 
Plane 


Use of the above 
model 
permits 
junction 
to lead thermal 
resistance 
for any 
rnountingconfiguration 
to be found. 
For a given total 
lead length, 
lowest values 


OCCUf" 
when 
one side of the rectifier 
is brought 
as close as poSSIble to the heat 
Sink. 
Terms 
In the model 
Signify: 


T A • Ambient 
Temperature 
Res· 
Thermal 
ReSistance, 
Heal Smk to Ambient 


T L • Lead Temperature 
RO L- Thermal 
ReSIstance, 
lead 
to Heat Srnk 


TC· 
Case Temperature 
ROJ • Thermal 
Resistance,Junction 
to Case 


TJ • Junction 
Temperature 
Po - Power 
Dissipation 


(Subscripts 
A and K refer 10 anode 
and cathode 
sides respect1velv.l 
Values for Ihermal 
reSIstance 
components 
are: 


ROL - 11~CIWIiN. 
Tvplcally 
and 12SOCIW/IN 
Maximum 
ROJ - lffJCIW 
TVPicaily and JrPCIW 
MaxImum 
The malCimum lead temperature 
may be calculated 
as follo ••••• 
s: 


TL"'1500~"'TJL 


oT Jl 
can 
be calculated 
as sho ••••• 
n in NOTE 
1 or it may 
be approlClmated 


lISfollows: 


6TJL:=:::::ROJL. 
PF; PF may be formulated 
for sme-wave 
operatIOn 
from 


Figure 
3 or from 
F tgure 4 for square·wave 
operation. 
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NON INDUCTIvE 


UNIT 
UNDER TEST 
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NON-INDUCTIVE 
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lD~F 
300'0' 


MINIMIZE 
ALL 
LEAD 
lENGTHS 


A - ;~~.:~~~~~050~5:A~:EL~; 
(E~UIVAlENT 
RZ - ~::~R:ll~E~ 
1~ CARBON CORE 


Rj_ 
ADJUSTED FOR 14 n8ETWEEN 


POINT 
2 OF 
RelAY 
AND 
RECTIFIER 


INDUCTANCE 
•• 38 JlH 


T1 


l10TIVC 
I"' 
60 Hl 


II 


AI· 
50 Ohms 
R2 .250 
Ohms 
01- 
IH472J 
02" 
lN40Ql 
03 -lN4934 
SCRl-MCR729·10 
Cl-0510SDjoIF 
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0·21 
/olH 
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dJell 
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FIGURE 23 - 
TYPICAL 
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VR. REVERSE VOLTAGE (VOLTS) 


1 DAde FROM 


CONSTANT 


VOLTAGE 
SUPPLY 


RIPPLE" 
3 mVrtlH 
MAX 


RhO'fle 
r.co .•••ry tin'" 
I' th, perIod 
whIch 
,I.p 
••• from 
the 
time 
thet the current, 
thru , previously 
forWlrd 
bi.1ed 
rectifier 


diode, ~ ••• 
thru zlro going negetiwly until the I'tIver. 
current 
recovers 
10 • poinl 
whlct'lIS lesslh.n.10% 
pe.1t reverte 
cur,.nl. 


Reverie 
recovlrv 
1lrn. 
IS • direci 
function 
of Ihl 
for~rd 
currlnt 
prior to Ih •• pphcallOn 
of revenl 
I/Olt.O', 


For enV given recllfler, 
recovery 
lime II vlry 
circuil 
depend· 
enl. 
TYPICIIIWid muimum 
recovlry 
tIme of.lI 
Motoroll 
fISt 
recovery 
power rectiliertlfe 
tlted 
under I flllld sel of condilions 
using 
IF - 
1.0 A, 
VR 
·30 
V. 
In order 
to cover III cirCUIt 
condItions, 
curves Ite 
given lor typicil 
recovered 
stored 
cherge 
versus commutltion 
di/dt 
for various 
'Ivel. 
of forw.rd 
C\lrrent 


end 
for 
junclion 
tempetltures 
of 
25°C, 
75°C, 
HXPC, 
.nd 
15o"C. 


To use these 
curvl!lS, it is necessary 
to know 
lhe 
forward 
currenlllV.! 
just before 
commutation, 
the circuil 
commutation 
di/dt 
and the oper.ting 
junclion 
lemper.ture. 
The rlVerse r. 
cOVlry 
le'l 
current 
wlvelorm 
for III MOlorol1 
lest 
rteovery 


rectilier. 
is shown. 


From 
stored 
charge 
curve. 
versus 
di/dt, 
recovery 
lime 
Itrr) 


and 
peak 
reverse 
recovery 
curren I (lRMIAEC)' 
can 
be closely 


approximated 
using the following 
formulas: 
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RECTIFIERS 


. designed 
for 
use in-power 
supplies 
and 
other 
app1ications 
having 


need 
of a device 
with 
the 
followinq 
features· 


• 
High Current to Small Size 


• 
High Surge Current Capability 


• 
Low Forward Voltage Drop 


• 
Void·Free Economical Plastic Package 


• 
Available in Volume Quantities 
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Rating 
Symbol 
2 
2 
2 
2 
:: 
2 
:: 
Unit 
~ 
~ 
~ 
~ 
~ 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


Working 
Peak 
Reverse 
VRWM 


Voltage 
DC Blocking Voltage 
VR 


Nonrepetitive 
Peak Reverse 
VRSM 
100 
200 
300 
525 
800 
1000 
1200 
Volts 
Voltage 


Average 
Rectified 
Foward 
10 
. 
3.0 
. 
Amp 
Current 


(Single 
Phase 
Resistive 
Load, 
11/2" 
Leads, T L = 1050e) 


Nonrepetitive 
Peak Surge 
IFSM 
.--- 
200 (O'l€ cycle) 
------.. 
Amp 
Current 
(Surge Applied 
at 
Rated Load Conditions) 


Operating 
and Storage Junction 
TJ, Tstg . 
65to+175 
.. 
°e 


Temperature 
Range 


Characteristic 


Thermal 
Resistance, 
Junction 
to Ambient 
(PC Board Mount, 
1/2" 
Leads) 


Characteristic 
Symbol 
Mi" 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
(1) 
vF 
- 
- 
1.2 
Volts 
(;F = 9.4 Ampl 


Average Reverse Current 
(1) 
IRIAV) 
- 
- 
500 
~A 
DC Reverse Current 
IR 
- 
- 
500 


IRated 
de Voltage, 
TL = 150oe) 


-JEDEC 
Registered Data. 


(1) 
Measured in a single-phase half-wave circuit such as shown in Figure 6.25 
of EIA RS-282, 
November 
1963. 
Operated 
at rated load conditions 
TL =10SoC, 
10'"'3.0 A, Vr=VRWM. 
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thru 
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RECOVERY 
RECTIFIERS 


50-1000 
VOLTS 
3 AMPERES 
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Iro01 
r(~ 
1_0 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0.370 
0.380 


B 
4.B3 
5.33 
0.190 
0.210 


0 
1.22 
1.32 
0.048 
0.052 


K 
269,L 
27.23 
.1062 
1.072 


CASE 26701 


MECHANICAL 
CHARACTERISTICS 
Case: Void Free, Transfer Molded 
Finish: 
External Leads are Plated, 


Leads are readily Solderable 


Polarity: 
Indicated by Cathode Band 


Weight: 
1.1 Grams (Approximately) 


Maximum 
Lead Temperature for 


Soldering Purposes: 
240°C, 
1/8" from casefor 10 s 
at 5.0 lb. tension 
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FIGURE 3 - CURRENT 
DERATING 
VARIOUS 
LEAD LENGTHS 
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CAPACiTIVE 
LOADS 
50---- 
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20--- 


IIPK) 
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IIAV) 
80 
100 
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140 


TA, AMBIENT 
TEMPERATURE 
10C) 


® MOTOROLA 


. employing the Schottky Barrier principle in a large area metal-to- 
silicon 
power 
diode. 
State-of-the-art 
geometry 
features epitaxial 


construction 
with 
oxide 
passivation and metal 
overlap 
contact. 
Ideally 
suited for 
use as rectifiers 
in low-voltage, high-frequency 


inverters, free wheeling diodes, and polarity protection diodes. 


• 
Extremely Low vF 
• 
Low Stored Charge, Majority Carrier Conduction 
• 
Low Power Loss/High Efficiency 
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<Xl a: 
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"'a> 
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Rating 
Symbol 
::;; 
::::;; 
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::::;; 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
15 
20 
30 
40 
V 


Working 
Peak 
Reverse 
Voltage 
VRWM 
DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak 
Reverse 
Voltage 
VRSM 
15 
24 
36 
48 
V 


AMS 
Reverse 
Voltage 
VRIAMSI 
10 
14 
21 
28 
V 


Average 
Rectified 
Forward 
Current 
(2) 
'0 
.. 
10 
. 
A 


(VR(eQuiv) " 0.2 VR(dc). 


TL'=90oC. 


ROJA 
= 80oC/W, 
P.C. 
Board 


Mounting, 
see Note 
2, T A'" 
550Cl 


Ambient 
Temperature 
TA 
90 
85 
80 
75 
°c 


(Rated 
VA (de), 
PFIAVl 
'" O. 


ReJA : 800C/W 
I 


Non-Repetitive 
Peak Surge 
Current 
'FSM 


____ 
25 
(for 
one 
cycle) 
_______ 
A 


(Surge 
applied 
at rated 
load 


conditions, 
half-wave, 
single 
phase 


60Hz, 
TL 
= 70ce) 


Operating 
and Storage Junction 
TJ, 
Tstg 
_-65to+125 
- 


°c 


Temperature 
Range 


(Reverse 
Voltage 
applied) 


Peak Operating 
Junction 
Temperature 
TJlpkl . 
150 
°c 


(Forward 
Current 
applied) 


I' 
~ 
~ 
0.0.0. 
0. 


"'00 
0 


<Xl 
<Xl 
<Xl 
_NM 
..• 


'" 
'" 
'" 
a: a: a: 
a: 
z 
z 
z 
a> a> a> 
a> 
Characteristic 
Symbol 
- 
- 
- 
::;;::;;::;; 
::;; 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
V 


Forward 
Voltage 
(1) 


(iF: 
0.1 
A) 
0.320 
0.330 
0.340 
0.350 
0.350 


liF : 1.0 AI 
OA50 
0.550 
0.600 
0.550 
0.600 


liF : 3.0 AI 
0.750 
0.875 
0.900 
0.850 
0.900 


Maximum 
Instantaneous 
Reverse 
;R 
mA 


Current@ 
Rated 
dc Voltage 
(1) 


ITL : 25°C I 
1.0 
1.0 
1.0 
1.0 
1.0 


ITL: 
1000CI 
10 
10 
10 
10 
10 


(1) 
Pulse Test: 
Pulse Width 
- 300 
~s, Duty 
Cycle 
- 2.0%. 


(2) 
Lead 
Temperature 
reference 
is cathode 
lead 
1/32" 
from 
case. 


·'ndicates 
JEDEC 
Registered 
Data 
for 
1 N5817-19. 


MBRI1SP 
MBR120P 
lNS819 
MBR130P 
MBR140P 


lNS817 
lNS818 


SCHOTTKY 
BARRIER 
RECTIFIERS 


1~ 


K 
a 


~=1 


CATHODE 
I 


BAND 


K 


~ 


MILLIMETERS 
INCHES 


DIM 
MIN' 
MAX 
MIN 
MAX 


A 
5.97 
6.60 
0.235 
0.260 


B 
2.79 
305 
0110 
0.120 


D 
0.16 
0.86 
0030 
0.034 


K 
27.94 
1.100 


. Void 
free, 
transfer 
molded 


.AII 
external 
surfaces 


corrosion-resistant 
and 
the 
terminal 


leads 
are 
readily 
solderable 


. Cathode 
indicated 
by 


polarity 
band 


. Any 


.220oC 
1/16" 
from 


case for 
ten 
seconds 


Reverse 
power 
dissipation 
and 
the 
Dossibility 
of 
thermal 
runaway 
must 
be considered 
when 
operating 
this 
rectifier 
at 
reverse voltages above 0.1 VRWM. 
Proper derating may be accom- 


plished by use of equation (11. 


TAlmax) 
• TJlmax) - ReJAPFIAV) 
- ReJAPRIAVI 


where 
TA(max):: 
Maximum allowable ambient temperature 
T Jlmaxl ""Maximum allowable junction temperature 
I 125°C or the temperature at which thermal 
runaway occurs, whichever is lowest) 
PF{AVl 
""Average forward power dissipation 
PR (A V ) "" Average reverse power dissipation 
RtUA ""Junction-to-ambient 
thermal resistance 


Figures 1,2, 
and 3 permit easier use of equation (1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The 
figures solve for a reference temperature 
as determined 
by 
equation (21. 


slope in the vicinity of 11soC. The data of Figures 1. 2. and 3 is 
based upon dc conditions. 
For use in common rectifier circuits, 


T'able 1 indicates suggested factors for an equivalent dc voltage 
to use for conservative design, that is: 


VRleQuivl • VinlPKI 
X F 
141 


The factor F isderived by considering the properties of the various 
rectifier circuits and the reversecharacteristics of Schottky diodes, 


EXAMPLE: 
Find TA(max) 
for 1Ns818 
operated in a 12-volt 
dc supply using a bridge circuit with 
capacitive filter 
such that 
IOC • 0.4 A IIFIAV) 
• 0.5 AI. IIFMI/IIAVI 
• 10. Input Voltage 
• 10 Vlrmsl. 
ReJA' 
80oC/W. 


Step 1. Find VR lequiv). Read F :: 0.65 from Table 1, 
:. VRleQuiv) • 11.41)1101(0.65) • 9.2 V. 
Step 2, Find TR from Figure 2, Read TR ""1090C 


@ VR • 9.2 V and ReJA = 80oC/W. 
Step 3. Find PF(AV) 
from Figure 4 .• ·Read PFIAV) 
""0.5 W 


TR = TJlmax) - ReJAPR(AV) 
(2) 
@~ 
= 10 and IFIAV) 
= 0.5 A. 


Substituting equation (21 into equation (1) yields: 
I(AV) 


TAlmaxl 
• TR - ReJAPFIAV) 
13) 
Step 4. Find TAlmax) 
from equation 131. 


Inspection 
of 
equations 
(2) 
and 
(3) 
reveals that 
TR 
is the 
TA(max):: 
109 - (80)(0,5) 
""690C. 


ambient 
temperature 
at which thermal runaway occurs or where 
• ·Values given are for the 1N5818. 
Power is slightly lower for the 
TJ "" 12SoC, when forward power is zero. The transition from one 
1N5817 
because of its lower forward voltage, and higher for the 
boundary 
condition 
to 
the 
other 
is evident 
on the curves of 
1N5819. 
Variations 
will 
be similar for the MBR-prefix 
devices, 
Figures 1,2, 
and 3 as a difference 
in the rate of change of the 
using PF(AV) 
from Figure 7, 


TABLE 1 - 
VALUES FOR FACTOR F 


Circuit 
Full Wave. 
Full Wave, 


- 
Half Wave 
Bridge 
Center Tapped-t 


Load 
Resistive I Capacitive- 
Resistive I 
Capacitive 
Resistive I 
Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 


·Note 
that VR(PKI 
ot:: 2.0 Vin(PK). 
tUs~ line to center tap voltage for Vin- 


FIGURE 1 - 
MAXIMUM 
REFERENCE TEMPERATURE 
FIGURE 2 - MAXIMUM 
REFERENCE TEMPERATURE 
lN5817/MBRl15P/MBR120P 
lN5818/MBR130P 
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FIGURE 3 - MAXIMUM 
REFERENCE TEMPERATURE 
lN5819/MBR140P 
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FIGURE 4 - STEADY·STATE 
THERMAL 
RESISTANCE 
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THERMAL 
CHARACTERISTICS 


FIGURE 5 - 
THERMAL 
RESPONSE 
-- 
ZOJUtl 
" ZOJl. 
r(ll 


_I---' 
KIL" 


DUTY 
CYCLE, 
0 .• lp 1J 
I, 
_ 
PEAK POWER. Pp\:. 
IS p!ilk of an 


'__ 
11_1 
TIME 
eaurvalenl 
SQuare power pulse 


--- 


TJL" 
Ppk. 
RnJl 
ID + (1·0) 
• rill 
-+ tpl + dlpl- 
r(I1)] 


where 


"TJl 
"the 
increase in junction 
temperature 
above the lead temperature 
rltl= 
normaliledvalueoftransienllhermalresistanceattime,t,lrom 
FIgureS, 
i.e.: 


rill 
+ lpl " normalized 
value of IranSlent thermal resistance at time, f1 -+ 'p. 
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- Square Wave === 
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:/""h~ 


~ 


~ 
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0.5 
~ 
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~ 
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>« 
01 


> 
~ 
0.07 
~ 
0.05 
0.1 


NOTE 2 - 
MOUNTING 
DATA 


Data shown for thermal resistance junction-to-ambient 
(ROJAJ 


for the mountings shown is to be used as typical guideline values 
for preliminary 
engineering, or in case the tie point 
temperature 
cannot be measured. 


TYPICAL 
VALUES 
FOR R9JA IN STILL AIR 


Mounting 
Lead Length, L (in) 


Method 
1/8 
1/4 
I 
1/2 
I 
3/4 
R9JA 


1 
52 
65 
I 
72 
I 
85 
°C/W 


2 
67 
80 
I 
87 
I 
100 
°C/W 


3 
50 
°C/W 


Mounting Method 1 


P.C. Board with 


1·'/2" 
X 1 1/2" 
copper surface. 


Mounting Method 3 


P.C. Board with 
1·1/2" 
X 1·1/2" 


copper surface. 


Use of 
the 
above model 
permits 
junction 
to 
lead thermal 


resistance for any mounting configuration 
to be found. For a given 
total lead length, lowest values occur when one side of the rectifier 
is brought as close as possible to the heat sink. Terms in the model 
signify: 
TA = Ambient Temperature 
TC = CaseTemperature 


TL::= Lead Temperature 
TJ = Junction Temperature 
ROS= Thermal Resistance, Heat Sink to Ambient 
R8L = Thermal Resistance, Lead to Heat Sink 
R8J = Thermal Resistance, Junction to Case 
Po = Power Dissipation 
(Subscripts A and K refer to anode and cathode sides, respec- 
tively.) Values for thermilt resistance components are· 


ROL = 1aOoC/Who typically 
and 1200C/W/in 
maximum 
R8J = 36oC/W typically 
and 46oC/W maximum. 
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VR, 
REVERSE 
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)VOLTS) 


Since 
current 
flow 
in 
a 
Schottky 
rectifier 
is 
the 
result 
of 


majority 
carrier 
conduction, 
it 
is not 
subject 
to 
jucntion 
diode 


forward 
and 
reverse 
recovery 
tranSients 
due 
to 
minority 
carrier 


injection 
and 
stored 
charge. 
Satisfactory 
circuit 
analysIs 
work 


may 
be performed 
by 
using 
a model 
consisting 
of an ideal 
diode 
in 


parallel with a variable capacit':lnce. 
(See Figure 11,) 


Rectification 
efficiency 
measurements 
show 
that 
operation 
wilt 


be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example, 
relative 


waveform 
rectification 
efficiency 
IS approximately 
70 
per 
cent 
at 


2.0 
MHz, 
e.g., 
the 
ratio 
of 
dc 
power 
to 
RMS 
power 
In the 
load 
is 


0.28 
at 
this 
frequency, 
whereas 
perfect 
rectification 
would 
yield 


0.406 
for 
sine 
wave 
inputs. 
However, 
in 
contrast 
to 
ordinary 


junction 
diodes, 
the 
loss in 
waveform 
efficiency 
is not 
indicative 


of 
power 
loss: 
it 
is Simply 
a result 
of 
reverse 
current 
flow 
through 


the diode 
capactiance, 
which 
lowers 
the dc output 
voltage. 


@ MOTOROLA 


De~i~np •.s Data Sheet 


· .. employing 
the 
Schottky 
Barrier 
principle 
in 
a large 
area metal-ta-silicon 


power 
diode. 
State-of-the-art 
geometry 
features 
epitaxial 
construction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact. 
Ideally 
suited 
for use as rectifiers 


in 
low-voltage, 
high-frequency 
inverters, 
free 
wheeling 
diodes, 
and 
polarity 
protection 
diodes. 


• 
Extremely 
Low 
VF 


• 
Low Power 
Loss/High 
Efficiency 


• 
Low Stored 
Charge, Majority 


Carrier 
Conduction 


Designer's 
Data for Worst-Case Conditions 


The 
Designers 
Data 
sheets 
permit 
the 
design 
cf 
most 
circuits 
entirely 
from 
the 
informa- 
tion 
presented. 
Limit 
curves-representing 
boundaries 
on device 
characteristics-are 
given 


to 
facilitate 
worst-case 
design. 


lN5820 
lN5821 
lN5822 
Rating 
Symbol 
MBR320P 
MBR330P 
MBR340P 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
20 
30 
40 
V 


Working 
Peak 
Reverse 
Voltage 
VRWM 
DC 
Blocking 
Voltage 
VR 


Non·Repetitlve 
Peak 
Reverse 
Voltage 
VRSM 
24 
36 
48 
V 


RMS 
Reverse 
Voltage 
VRIRMSI 
14 
21 
28 
V 


Average 
Rectified 
Forward 
Current 
(2) 
'0 
.. 
3.0 
. 
A 


VRlequiv) 
~ 0.2 
VR(dcl, 
TL 
:: 950C 


(ROJA:: 
28°C/W. 
P.C. Board 


Mounting. 
see Note 
2) 


Ambient 
Temperature 
TA 
90 
85 
80 
°c 


Rated 
VR(dc). 
PF(AVl 
= 0 
ReJA : 280CIW 


Non-Repetitive 
Peak Surge 
Current 
IFSM 


____ 
80 
(for 
one 
cyclel 
______ 
A 


ISurge 
applied 
at rated 
load 
condI- 


tions, 
half 
wave, 
single 
phase 
60 Hz, 


TL : 750CI 


Operating 
and 
Storage 
Junction 
TJ, 
Tstg 
~ 
-65 
to +125 - 


uc 


Temperature 
Range 
(Reverse 


Voltage 
applied) 


Peak Operating 
Junction 
Temperature 
TJlpkl . 
150 
•. 
°c 


(Forward 
Current 
Applied) 


Characteristic 


Thermal 
Resistance, 
Junction 
to Ambient 
ROJA 


• ELECTRICAL 
CHARACTERISTICS 
ITL : 25°C unlessothe,w;se notedl12} 


Characteristic 
Symbol 
lN5820 
lN5821 
lN5822 
MBR .. p 
Unit 


Maximum 
Instantaneous 
vF 
V 


Forward 
Voltage 
(1) 


(iF 
= 1.0 Amp) 
0.370 
0.380 
0.390 
0.400 


(iF 
= 3.0 
Amp) 
0.475 
0.500 
0.525 
0.550 


(iF:: 
9.4 
Amp) 
0.850 
0.900 
0.950 
0.950 


Maximum 
Instantaneous 
;R 
mA 


Reverse 
Current 
@ Rated 


dc Voltage 
(1) 


TL 
= 250C 
2.0 
2.0 
2.0 
2.0 


TL: 
100°C 
20 
20 
20 
20 


(1) 
Pulse 
Test: 
Pulse Width"" 
300 
#lS. Duty 
Cycle:: 
2.0%. 


(2) 
Lead 
Temperature 
reference 
is cathode 
lead 
1132" 
from 
case. 


-Indicates 
JEDEC 
Registered 
Data 
for 
1 N5820·22. 


INS820 
INS821 
INS822 


MBR320P 
MBR330P 
MBR340P 


SCHOTTKY 
BARRIER 
RECTIFIERS 


3.0 AMPERES 
20, 30, 40 VOLTS 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0.370 
0.380 


B 
4.83 
5.33 
0.190 
0.210 
0 
1.22 
1.32 
0.048 
0.052 


K 
26.97 
27.23 
1.062 
1.072 


.. 
Void 
free, 
transfer 
molded 


.AII 
external 
surfaces 


corrosion-resistant 
and 
the 
terminal 


leads 
are readily 
solderable 


.. 
Cathode 
indicated 
by 


polarity 
band 


MOUNTING 
POSITIONS 
. Any 


SOLOERING 
. 220°C 1/16" 
from case 


for 
ten 
seconds 


NOTE 1 - 
DETERMINING 
MAXIMUM 
RATINGS 


Reverse power 
dissipation 
and 
the 
possibility 
of 
thermal 
slope in the vicinity 
of 11SoC. The data of Figures 1. 2. and 3 is 


runaway 
must 
be considered 
when 
operating 
this 
rectifier 
at 
based upon de conditions. 
For use in common rectifier 
circuits. 
reverse 
voltages 
above 
0.1 
VRWM. Proper 
derating 
may be accorn- 
Table 
1 indicates 
suggested 
factors 
for 
an equivalent 
de voltage 
plished by useof equation (1), 
to use for conservative design, that is: 


VRlequiv) 
= VIFMI 
X F 
(4) 


The factor F is derived by considering the properties of the various 
rectifier 
circuits 
and the reverse 
characteristics 
of Schottky 
diodes. 


TAlmaxl 
= TJlmax) 
- ReJAPF(AV) 
- ReJAPRIAVI 


where 
TA(max) 
= Maximum allowable ambient temperature 
TJ{maxl :: Maximum allowable junction 
temperature 


I 125°C or the temperature at which thermal 
runaway occurs, whichever is lowest) 


PF(A V ) :: Average forward power dissipation 
PR(AV):: 
Average reverse power dissipation 
R8JA '" Junction-to-ambient 
thermal resistance 


Figures 1, 2, and 3 permit easier use of equation (1) by taking 


reverse power dissipation and thermal runaway into conSideration. 
The figures solve for a reference temperature 
as determined 
by 


equation (21. 


EXAMPLE: 
Find TA{max) 
for lN5821 
operated in a 12·volt 


dc supply 
using a bridge circuit 
with 
capacitive filter 
such that 


IDC = 2.0 A IIFIAVI 
= 1.0 AI. 
I(FMIIiIAV) 
= 10. Input Voltage 
= 10 V(rms). ReJA = 40oC/W. 


Step 1. Find VR(equiv)' 
Read F = 0.65 from Table 1, 
:. VR lequ;vl 
= (1.41 II 10110.65) = 9.2 V. 


Step 2. Find TR from Figure 2. Read TR 
:= l080C 


@ VR = 9.2 V and ReJA 
= 40oCIW. 


Step 3. Find PF(AVl 
from Figure 6. "Read 
PF(AV):: 
0.85 W 


TR = TJ(max) - ReJAPR(AVI 
(2) 
@ ~ 
= 10 and IFIAV) 
= 1.0 A. 
Substituting 
equation (2l Into equation (1) yields; 
IIAV) 


TA(max) 
:: TR - R8JAPF(AV) 
(3) 
Step 4. Find TA(max) 
from equation (3), 


Inspection 
of 
equations 
(21 and (3) reveals that 
TR 
is the 
TA(max) 
'" 108 - 10.85) (40) = 740C. 
ambient 
temperature 
at which 
thermal runaway occurs or where 
··Values 
given are for the lN5821 
Power is slightly 
lower for the 
TJ:: 
1250C, when forward power is zero. The transition 
from one 
lN5820 
because of its lower forward 
voltage. and higher for the 
boundary 
condition 
to 
the 
other 
is evident 
on 
the curves of 
lN5822. 
Variations 
will 
be similar 
for the MBR-prefix 
devices, 


Figures 1, 2. and 3 as a difference 
in the rate of change of the 
using PFIAV) 
from Figure 7. 


TABLE 
1 - 
VALUES 
FOR FACTOR F 


Circuit 
Full Wave, 
Full Wave, 


Half Wave 
Bridge 
Center Tapped*t 


Load 
Resistive I Capacitive" 
Resistive I Capacitive 
Resistive I Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 


·Note that VR(PK) "'" 2.0 Vin(PK). 
tUse line to center tap voltage for Vin. 


FIGURE 1 - 
MAXIMUM 
REFERENCE TEMPERATURE 
FIGURE 2 - MAXIMUM 
REFERENCE TEMPERATURE 
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VR. 
REVErSE 
VOLTAGE 
(VULTS) 


FIGURE 3 - MAXIMUM 
REFERENCE TEMPERATURE 
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VR. 
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VOLTAGE 
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FIGURE 4 - 
STEADY·STATE 
THERMAL 
RESISTANCE 
---r~~ 


MAXIMUM 


- 
- 
- 
- 
TYPICAL 


-----+--I-Ppk 
Ppk 
DUTY 
CYCLE: 
tp/l) 
LEAD lENGTH 
- " •.. = 


~ 
PEAK 
POWER,Ppk. 
IS puk 
01 an 


V 
---l 
TIME 
equIValent 
square 
power 
pulse. 
f-" 
V 
I II11I1 


.o.TJL: 
Ppk· 
ROJL 
[0 + f1- 0)· 
rll) 
+ tpJ + rCtpl- 
rhlll 


The lemperature 
01 the 
lead mould 
be measured 
where 
- 


= ~ TJL" 
Ihe mer ease In lunCllon 
temperature 
above 
Ihe 
uSing a Ihermocouple 
placed 
on the 
lead as close 
as 
possible 
to 
the 
lie 
p0101 
The 
Ihermal 
mass 
con = 
lead temperature 
neeted 
to 
the 
lie 
poml 
IS normally 
large 
enough 
= 
r(tl: 
normalized 
value 
01 tranSient 
thermal 
remtanee 
so 
fhal 
It will 
nOl 
slgnllicantly 
respond 
10 heal 


== 


at tlme,t, 
I.e. 
surges 
generaled 
10 Ihe 
diode 
as a lesult 
01 pulsed 


rltl 
+ tpl: 
normalized 
yalue 
01 
...... 
op..erallononeesteadystatecondltlonsareachleyed 


tranSlenllhermalreSlSliI~ 
USlr191he 
measured 
yalueol 
TL.1tleluncllon 
tern 
- 


_alllmelJ+tp.~ 
perature 
maybedelermlOed 
by 
, 
- 


L..-Hl1111 
I 
I i Iii 
TJ' 
Tl • ~TJl 
IIIII 


10= 
70 


50 


30 
I 


10 


~ 
'"!Ozo 
;:: 
:t 
~ 
o 
a: 
1,0 


~ 
07 


f.:I 
0.5 


~ 
03 
> 
'" 01 
'> 
'" 
~ 
01 


01 


SlfleWave 


',{FMJ 
" ~ (ReSistIve 
Load) 


(A VI 


.I 
I 
150 
Capacitive 
10 


Loads 
20- 


/, 
V-: 


/' 
~h 
/':.0'/ 


01 
03 
05 
07 
10 
10 
30 
50 
70 


'FIAV). 
AVERAGE 
FORWARD 
CURRENT 
lAMP) 


~ 
'"!Oz 
0~ 
:t 
~ 
0 
or 
~ 


10 


07 


'" 
05 
~ 
> 
03 
'" 
'> 
01 


'".E 


Data 
shown 
for 
thermal 
resistance 
Junction-to-amblent 
(ReJA) 


for 
the 
mountIngs 
shown 
IS to 
be used 
as typical 
guideline 
values 


for 
preliminary 
engIneering. 
or 
In 
case the 
tie 
point 
temperature 


cannot 
be measured. 


Mount" .•g 
Llad Llngth, L !lnl 


Mlthod 
1/8 
1/. 
I 
1/2 
I 
3/. 
R8JA 
, 
50 
51 
53 
55 
°CIW 


2 
58 
59 
.' 
.3 
°CIW 


3 
28 
°CIW 


Use 
of 
the 
above 
model 
permits 
Junction 
to 
lead 
thermal 


resistance 
for 
any 
mounting 
configuration 
to be found. 
For 
a given 


total 
lead 
length. 
lowest 
values 
occur 
when 
one 
c;ide of 
the 
rectifier 


IS brought 
as close 
as possible 
to 
the 
heat 
Sink. 
Terms 
in the 
model 


signify: 


T A :: Ambient 
Temperature 
T C :: Case Temperature 


TL:: 
Lead 
Temperature 
TJ:: 
Junction 
Temperature 


Res:: 
Thermal 
Resistance. 
Heat 
Sink 
to 
Ambient 


Re L "" Thermal 
Resistance. 
Lead 
to 
Heat 
Stnk 


ROJ :: Thermal 
Resistance, 
JunctIon 
to Case 


Po 
:: Total 
Power 
Dissipation 
= PF + PR 


PF = Forward 
Power 
Dissipation 


PR 
= Reverse 
Power 
Dissipation 


(Subscripts 
(A) 
and 
(K) 
refer 
to 
anode 
and 
cathode 
sides. 
respec- 


tively.) 
Values 
for 
thermal 
resistance 
components 
are: 


ROL = 420C/W/in 
typically 
and 
4SoC/W/in 
maximum 


ROJ = 100C/W 
typicall~ 
and 
160C/W 
maximum 


The 
maximum 
lead 
temperature 
may 
bE::found 
as follows: 


TL' 
TJlmaxl 
- "TJL 


where 
dT JL 
•• ReJL 
• Po 


Mounting 
Method 
1 


P.C. Board 
where 
available 
copper 
surface 
is small. 
Mounting 
Method 
3 


P.C. Board 
with 
with 
2 1/2" 
X 2-1/2" 
copper 
surface. 
r'- 


)~) 


~ 


L"/'" 


Mounting 
Method 
2 
q: 
V.eto, 
Pu,h 
In 
JII 


TermInals 
T 28 
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'F. INSTANTANEOUS 
FORWARD VOLTAGE (VOLTS) 
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VR. REVERSE VOLTAGE (VOLTSI 


Since current 
flow 
in a Schottky 
rectifier 
is the result of 
majority 
carrier conduction, 
it is not s.Jbject to junction 
diode 


forward 
and reverse recovery transients due to minority 
carrier 


injection 
and 
stored 
charge. 
Satisfactory 
circuit 
analysis work 


may be performed 
by using a model consisting of an ideal diode 
in parallel with a variable capacitance. (See Figure 11.l 


@ MOTOROLA 
lN5823 
lN5824 
lN5825 
MBR5825H, 
HI 


Designers Data Sheet 


HOT CARRIER 
POWER 
RECTIFIERS 


· .. 
employing 
the 
Schottky 
Barrier 
principle 
in a large 
area 
metal- 


to-silicon 
power 
diode. 
State-of-the-art 
geometry 
features 
epitaxial 


construction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact. 


Ideally 
suited 
for 
use 
as rectifiers 
in low-voltage, 
high-frequency 


inverters, 
free-wheeling 
diodes, 
and 
polarity-protection 
diodes. 


• 
Extremely 
Low 
vF 
• 
High 
Surge 
Capacity 


• 
Low 
Stored 
Charge, 
Majority 
• 
TX Version 
Available 


Carrier 
Conduction 


• 
Low 
Power 
Loss/ 
High 
Efficiency 


SCHOTTKY 
BARRIER 
RECTIFIERS 


5 AMPERES 
20,30,40 
VOLTS 


Designer's 
Data for "Worst 
Case" 
Conditions 


The Designers 
Data sheets permit the design of most circuits entirely 
from 


the 
information 
presented. 
Limit 
CLKves 
- 
representing 
boundaries 
on 
device characteristics 
- 
are given to facilitate 
"worst 
case" 
design. 


------- 
- 
-- 


1 N5825 
Rating 
Symbol 
1 N5823 
1 N5824 
MBA5825H, 
H1 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 


Working 
Peak Reverse 
Voltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking 
Voltage 
VR 


Non-RepetItive 
Peak Reverse 
Voltage 
VRSM 
24 
36 
4B 
Volts 


RMS 
Reverse 
Voltage 
VRIRMS) 
14 
21 
28 
Volts 
-- 


Average 
RectIfied 
Forward 
Current 
10 
Amp 


VRlequlv)';; 
0.2 VR (de), TC = 75°C 
.. 
15 
. 


VRlequiv)';; 
0.2 VR (de), TL = 80°C 
. 
50 
ROJA = 25°C/W, 
P.C Board 


Mounting, 
See Note 3) 


Ambient 
Temperature 
TA 
°C 
Rated VR Ide), PF(AV) = 0 
65 
60 
55 
ROJA = 25°C/W 


Non-RepetitivelPeak 
Surge 
Current 
IFSM 
. 
500 (for 1 cycle) 
. 
Amp 


(Surge 
applied 
at rated load conditions, 
halfwave, 
single 
phase 60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
TJ' 
Ts•g 
. 
65'0+125 
. 
°C 


(Reverse 
Voltage 
applied) 


Peak Operating 
Junction 
Temperature 
TJlpk) 
. 
150 
. 
°C 


(Forward 
Current 
Applied) 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


Unit 


°C/W 


1 N5825 
Characteristic 
Symbol 
1 N5823 
1N5824 
MBA5825H, 
H1 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
(1) 
vF 
Volts 


liF = 3.0 Amp) 
0330 
0.340 
0350 


(iF = 5.0 Amp) 
0360 
0.370 
0380 


(iF = 15.7 Amp) 
0.470 
0.490 
0.520 


Maximum 
Instantaneous 
Reverse 
Current 
iR 
mA 


@ rated de Voltage 


TC = 25°C 
10 
10 
10 
TC = 100°C 
75 
75 
75 


Reverse power dISSipation and the possibility 
of thermal 
runavvay 


must be considered when operating th ISrectifier 
at reverse vol tages 


above 0.1 VRWM. 
Proper derating 
may be accomplished 
by use 
of equation 
(1): 


TAlmaxl; 
TJlmax) 
- 
AOJA PFIAVI 
- 
AOJAPAIAVI 
111 


where 
T A(max} 
:: MaXimum allowable ambIent temperature 


TJlmax) 
:: M8ximumallowable 
junctIon 
telT'perature 
(12Soe or the temperature 
at which ther- 
mal runaway occurs, whichever ISlowestl 


PFtA VI :: Average forward 
poJwerdiSSIpatIon 


PRIAVI 
:: Average reverse power diSSipatIon 


AOJA:: Junctlon·to·ambient 
thermal 
reSistance 


Figures 
1, 2 and 3 permit 
easIer use of equatton 
(1) by taking 
reverse power diSSipatIon and thermal runaway Into conSideratIon 
The 
fIgures 
solve for a reference 
temperature 
as determined 
by 
equatIon 
f2)' 


TA: 
TJlmax) 
AOJAPAIAVI 
12) 


Substituting 
equatIon (21 IntO equation 
(11 Yle-Ids. 


TAlmlx): 
TA - 
AOJA PFIAVI 
131 


Inspection 
of equatIons 
t21 and (3) reveals that TR ISthe ambIent 
temperature at whIch thermal runaway occurs or where TJ :: 12Soe, 
wh.n 
forward 
pow.r 
IS zero. 
The tranSition 
from 
one boundary 
condition 
to the oth.r 
is evident on the curves of Figures 1, 2 and 


3 as a dIfference 
10 the rate of change of the slope in the viCIOlty 


of 11SoC. 
The data of Figures 1, 2 and 3 ISbased upon dc condi· 


tlons. 
For use In common 
rectifier 
CirCUits, Table I indlcittes sug. 


gested factors for an equivalent 
dc voltage to use for conservative 
deSIgn, I.e.' 


VAIIQuiv) 
= VINIPK) 
x F 
14) 
The Factor F ISderived by consld;mng 
the propertIes of the vanous 


recttfler 
ClfCUlts and the reverse characteristiCS of Schottky 
dIodes. 


Example 
Find 
TAlmax) 
for 
1NS825 
operated 
In a 12·Volt 
de 
supply uSing a bridge circuit 
with capacitive filter 
such that IDe:: 


10 A 
IIFIAVI 
= 
5 AI. 
IIPKIIIIAVI 
= 10. Input 
Voltage 
= 10 
VI,msl. 
AOJA: 
lOoC/W 


Step 1 
Find VRtequivl 
Read F :: 0.6S from Table I: 


VAI.quov); 
11.411(1011065) 
= 9 2 V 


Step 2 
Fond TA from Fogu,e 3. Aead TA 
= 1130C @ VA 
= 


92 
V & AOJA' 
lOoC/W. 


Step 3 
Find PFIAV) 
from 
Fogu,e 4 "Aead 
PFIAVI: 
55 
W 


@IIPK); 
10 & IFrAV) 
• 5 A 
IIAV) 


Step 4 
Find TAlrnax) 
from equation 
(3) 
TAtmaxl 
'" 
113·(101 
15.5) • 58oC. 


Circuit 
Half WIV' 
Full Wave, Bridge 
Full Wave, 


Center Tapped ·t 


Load 
Resistive I Capacitive- 
Resistive I Capacitive 
Resistive I 
Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
065 
10 
T 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
075 
15 
I 
1.5 


7°5d- 
/,' 
.40 


~ 
-.....;; :::-.;- 
f-... 
.•.••. 
30 


•...... 
•...... .......: -........: r-..... ..••.... 
..................~ , 
-.......: .........: ...••...•...•... 
...•... ...•... ...•... 
, ......... " 
...••...• "- 
"- 
, 
""-.: 


ROJA IOCIW} = 10 


....•. 
"- 
, 
/'-.. 
""- 
60 
/f-..- 
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-X,-" 
30 25 
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11 
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~ Il5 
~~ 105 
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~ 95 
al•... 
w 
85 
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w~ 
w 
75 
~ 
<i 
65 
•... 


~- 
.•.••. 
~ 
7~stT 
/' 
5.0 40 
::-;; ::-.: r-.; ::-- 
........•.. 
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:t<-:: 
'30 


::-.; -.....: r--.:: ....... 
....•.... , 
"<;. I"< 
" 
:'- 
['....•........ ,,i"'( 
."- 
r--...: .......:' 
.......•.•" ", 


'" 
R8JA I'CN/I- 70 
"- , 


60 
, , 
"- 


50 


.•..........•.... ~ 
.X 
~, 
?-o...1' 


40 
./'./ 
/' 
31025 
. /' 
./""-..:> 
:-......."- 
."-I"\. 


20 15 10""- 
:'...:: " 


I"\. 


I 
."\. 


w~~ 
~ 
~ 


95 


w 
85 
uz 
w~ 


75 
w~ 
~ 65 


55 


30 


Vi 
20 
~ 
~ 
10 


~ 
50 
~ 
i1i 
20 
C 
1.0 
~ 


~ 
0.5 


w 
~ 
0.2 


> 
0.1 


'"~ 
0.05 


'"E 0.02 
0.2 
0.3 


I 


.••••.f..-'" 
ZeJC(t}" 
ROJC• ,(tl 


......~ 
J1:J1 


P 


k 
DUTY CYCLE, 0" 
Ip/tt 
Ip 
_ 


PEAK 
POWER, 
Ppk, 
is peak 
of an 
TIME 
-11- 
equivalenl 
square power pulse 


..\ TJC:: 
Ppk . RHJC 
[0 .• (1 ,01, 
r(1J 
.• lpl 
+ r(lp)-r(lJ)) 
where 
..:ITJC ~ the Increase 
In juncTion 
temperalUre 
above the case temperature 
r(l):: 
norma!izedvalueottransienl 
thermalresislanceal 
lime, I. f,om Flgure5,i.e.: 


r(11 + lpl:: 
normaliledva(ueof 
transientlherma(resistanceal 
,;me, 11 + lp. 


wuz<to 
::i 
~ 5 
0.2 
<w 
~3 
~:!i 01 
:: :5 0,07 
ffi ~ 
0.05 
~ 
~ 
0.03 


0.01 


FU1'" 
'p' 
DUTY 
CYCLE 
0: 
Ip 
11 


_Ip 
_ 
PE AK 
PQWE R, Pp~ 
,~peak 
of a" 


eQI".'alenl 
square 
power 
pul~e 


TIME 
~l\----J 


Data shown 
for 
thermal 
resistance 
junction-la-ambient 


(RaJA) 
for 
the mountings 
shown 
is to be used as typical 


guid~line 
values for 
preliminary 
engineering. 


LEAD 
LENGTH, 
L (IN) 


MOUNTING 
METHOD 
1/4 
1 
ROJA 


1 
55 
60 
°C/W 


2 
65 
70 
°C/W 


3 
25 
°C/W 


The 
lempefalure 
of 
the 
ca~e 
~hould 
be 
measured 
US'rlg a Ihermoeouple 
placed 


Orl the 
case 
.lIthe 
temperature 
retererlce 
pomllsee 
Note 
3) 
Thethermallllas~ 


COf1neCled 
to 
lhe 
cal.e 
'S r'I)lrl1.Jlly 
large 
~'lough 
~ 
Ihill 
" 
w,lI 
oo! 
~'QrHt,ca,\!ly 


respond 
to 
heal 
su'gesgenerated 
,n therl'<.ldeasa 
result 
01 pll1led 
c perat,ooonee 


steady 
S1alecorld,t,orlsareaeh,e,ed 
USlnglhe 
Il\filsured,,,llIeol 
T( 
lheluOC!IOt\ 


lemperatu1en,ay 
be 
detelm,ned 
by 


MOUNTING 
METHOD 
1 
m 


MOUNTING 
METHOD 2 


~ 


TJoT(. 
TJC 


where 
Tj( 
tsthe,ncrease,n 
IUIl(llon 
te"lpetat"lJeallovethec,lsete01lper,,'ure 


11 may 
be 
deterrnlned 
by 


:. T 1( 
~ Ppk - RtJJ( 
10 • (1 ·01 
rll]' 
Ip)' 
dIp) 
rl!]ll 


where 


r~l) 
normaf'led 
~alue 
of 
trallslenl 
thelm<tl 
leslstJIlCe 
Jl 
lime. 
I. from 
F'gllre 


'" 
r 111 
• Ipl 
' 
,'oUllallle(. 
.alue 
at 
frans'elll 
loerln,ll 
rH'~lanee 
i1t lune 
11'11' 
~: 


FIGURE 6 - 
APPROXIMATE 
THERMAL 
CIRCUIT MODEL 


ROCA 


70oC/W 


Use of 
the 
above 
model 
permits 
caloulation 
of 
average 
junction 
temperature 
for 
any 
mounting 
situation. 
Lowest 
values 
of 
thermal 
resistance 
will 
occur 
when 
the 
cathode 


lead 
is .brought 
as close 
as possible 
to 
a heat dissipator, 
as 
heat 
conduction 
through 
the 
anode 
lead 
is small. 
Terms 


in the model 
are defined 
as follows. 


• Case temperature 
reference 
is at cathode 
end. 


T A'" 
Ambient 


T AA 
'" Anode 
Heat Sink 
Ambient 
T AK 
'" Cathode 
Heat Sink ,Ambient 


T LA 
'" Anode 
Lead 


TLK 
'" Cathode 
Lead 
T J = Junction 


Rt! CA = Case to Ambient 
ROSA'" 
Anode 
Lead Heat Sink 
to Ambient 
ROSK = Cathode 
Lead Heat Sink 
to Ambient 


ROLA'" 
Anode 
Lead 


At! LK '" Cathode 
Lead 


ROCl 
= Case to Cathode 
Lead 
Rt!JC 
'" Junction 
to Case 


ROJA 
'" Junction 
to Anode 
Lead (5 bend) 
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~ 2.0 
"' 


10 


07 


05 


03 


,/' .-- 


TC' 
25JC 
.,./ 
.....-- 
/' 
,/' 


lOoDe 


/ 
J// 


I 


2500 
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- 
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:::: 
•..•.•.• 
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IN5823 - 20 V 
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~ 


IN5824-30V ~mi,~ 
IN5825 - 40 V 


Ml8~5rmt 
i 
4f V 
300 


250 
0.04 0.06 0.1 


1000 


0:: 
::E 
700 
5 
•... 
~ 500 
~ 
=>u 
w> 
'" 
300 
;:: 
~ 200 
"~ 
~ 


PrIOr 10 surge, the rectifier lS operated 
such 
that TJ '" 1000C; VR AM may be applied be 
lweeneach 
cycle 01 surge. 


f '" 60 Hz 
..•••...•.•.. 


r---... •...... 


•.•.... 


............ r-....... 


.......••..... 


200 


100 


;;' 
50 
~ 
•... 
20 
~~ 
10 
=> 
u 
50 
w~~ 
~ 


20 


<i 
10 


05 


t- TJ • 1250C....- 
.-1- -- 
~;100~ 
- 
- 
- 
- - 
~750C 
,- 


.•.. 
.....- 
,,..- 
- 
- 
25°C 
,.., 


IN5823 
20 V 
IN5824 
30 V 


IN5825 
4~ \1 


M8R5S25H, 
HI - 40 V 


Since current 
flow 
tn a Schottky 
rectifier 
IS the result 
of 
majority 


carner 
conduction. 
It 
1$ not 
subject 
to Junction 
diode forward 
and 


reverse 
recovery 
tranSients 
due 
to 
minority 
carrier 
injection 
and 
stored charge. Satisfactory 
Circuit 
analysis 
work may be performed 
by 
uSing 
a model consistmg of an Ideal diode 
in parallel with a 
vanable 
capacitance. 
(See F igule 
10J. 


Rectification 
efficiency 
measurements show that operation will 


be satIsfactory 
up to 
several megahertz 
For example, relative 


waveform 
r~ctlflcatlon 
effiCIency IS approximately 
70 per cent at 
2.0 MHz, e.g., the ratIo of dc power 
10 RMS power In the load IS 


0.28 at thIs frequency. 
whereas perfect rectdlcatlon 
would 
yIeld 


0.406 
for 
Sine wave Inputs. 
However, 
In contrast 
to ordInary 


JunctIon dIodes, the loss In waveform effICIency ISnot IndicatIve of 
power loss; It ISsimply a result of reverse current flow through the 
diode capacitance. whIch lowers the dc output voltage 


PRODUCTION 
PROCESS: 


1. Raw 
Maurial 


2. Factory 
Processing 


INSPECTION 
LOT 
FORMATION 


AFTER 
FINAL 
ASSEMBLY 
OPERATION 
(SEALING) 


1. High Temperature 
Storage 


2. Temperature 
Cycling 


3. Constant 
Acceleration 
4. Hermetic 
Seal (Fine 
and Gross) 


The 1N5825 
is also available 
with 
two levels of extra testing 
similar to "TX" screening 
and including 
Group A and B inspection 
programs. 
Both the MBR5B25H 
and MBR5B25Hl 
go through 
100% screening 
consisting 
of high temperature 
storage. temper- 
ature 
cycling. 
constant 
acceleration 
and hermetic 
seal testing 
prior to a sample being submitted 
to Group A and B inspection. 


After completion 
of Group B inspection, 
the MBR5825H 
is avail- 


able without 
additional 
screeni 
ng. M BR5825 
H 1 devices 
are 


further 
processed 
through 
a high temperature 
reverse 
bias 
(HTRB) 
and 
forward 
burn· 
in. 
Consult 
factory 
for 
details. 


100% POWER 
CONDITIONING 


1. Electrical 
Test 


2. HTAB 
(160 
Hrs Min) 


3 
Electrical 
Test (PDA 
= 10) 


4. DC Forward 
Burn-In 
(24 
Hrs Min) 


5. Electrical 
Test (PDA 
'" 10) 


PREPARATION 


FOR 


DELIVERY 


CASE: 
Welded. 
hermetically 
sealed construction. 


FINISH: 
All external 
surfaces 
corrosion-resistant 
and the terminal 
leads are readily solderable. 


WEIGHT: 
2.4 grams (approximately). 


POLARITY: 
Cathode to case. 


MOUNTING 
POSITONS: 
Any 


K 


! 
_:~- 


MILLIMETERS 
INCHES 


OIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
1143 
- 
0.450 
8 
- 
8.89 
O. 50 
C 
7.62 
0300 


0 
1.17 
142 
0.046 
0.056 


K 
24.89 
0.980 
- 
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Designers Data Sheet 


employing 
the 
Schottky 
Barrier 
princIple 
in a large 
area 
metal-to-sillcon 
power 


diode. 
State of the art geometry features epitaxial 
construction 
with 
oXide 
passiva- 


tIOn 
and 
metal 
overlap 
contact 
Ideally 
suited 
for 
use 
as rect,flers 
tn 
low-voltage, 


high-frequency 
Inverters, 
free 
wheelmg 
diodes. 
and 
polarity 
protection 
diodes 
. 


• 
Extremely 
Low 
vF 
• 
Low 
Power 
Loss/HIgh 
EffiCiency 


• 
Low Stored Charge. MajorIty 
• 
High Surge CapacIty 


Carrier 
Conduction 


Designer's 
Data for "Worst Case" Conditions 


The 
Designers 
Data 
sheets 
permit 
the 
design 
of 
most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit curves 
-- representing 
boundaries 
on 
device 
char 


acteristics 
- 
are given 
to facilitate 
"WOfst 
case" design 


Rating 
Symbol 
1N5826 
1N5827 
1N5828 
Unit 


Peak Repetitive Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking Voltage 
VR 


Non- Repetitive Peak ReverseVol tage 
VRSM 
24 
36 
48 
Volts 


Average Rectified Forward Current 
10 . 
15 
.. 
Amp 


VR(equlv) S 0.2 VR(dc). TC = 85°C 


Ambient Temperature 
TA 
95 
90 
85 
Uc 


Rated VR(dc). PFIAV) = O. 
R9JA = 5.0oC/W 


Non-Repetitive 
Peak Surge Current 
IFSM 
~ 
500 (for 1 cycle) ~ 
Amp 


(surgeapplied at rated load conditions, 
halfwave, single phase,60 Hz) 


Operating and Storage JunctIon 
TJ,Tstg 
~ 
-65to+125 
~ 
°c 
Temperature Range (Reverse 
voltage applied) 


Peak Operating Junction Temperature 
TJlpk) 
.. 
150_ 
°c 


(Forward Current Applied) 


Characteristic 
Symbol 
1N5826 
1N5827 
1N5828 
Unit 


Maximum Instantaneous Forward 
VF 
Volts 


VOltage III 
I;F = 8.0 Amp) 
0.380 
0.400 
0.420 


OF = 15 Amp) 
0.440 
0.470 
0.500 


OF = 47.1 Amp) 
0.670 
0.770 
0.870 


Maximum Instantaneous Reverse 
;R 
mA 
Current 
@ rated dc Voltage 
III 
10 
10 
10 


TC = 100°C 
75 
75 
75 


·Indlcates JEDEC Registered Data. 


(1) Pulse Test: 
Pulse Width = 300/ols, Duty Cycle"'" 2.0%. 


IN5826 
IN5827 
IN5828 


SCHOTTKY 
BARRIER 
RECTIFIERS 


15 AMPERES 
20,30, 40 VOLTS 


CASE: 
Welded, hermetically 
sealed 


FINISH: 
All external surfaces corrosion resistant 
and terminal leadsare readily solderable. 


POLARITY: 
Cathode to Case 


MOUNTING 
POSITION: 
Any 


STUO TOROUE: 
15 ;n. lb. ma. 


Reverse power dissipation 
and the possibility 
of thermal run8YVay 


must be considered when operating this rectifier at reversevoltages 
above 0.2 VRWM. 
Proper derating may be accomplished by use 
of equation 111: 


TAlma.I 
= TJlma.) 
- ROJA PFIAV) 
- 
ROJA PR(AV) 
111 


where 


T A(max) 
= Maximum allO'Nableambient temperature 


TJ(max) ,.,Maximum allO'Nablejunction 
temperature 11250e 
or the temperature at which thermal runavvay 
occurs, whichever is lowest). 


PF(AVI 
= Average forward power dissipation 


PA(AV) 
:::I: Average reverse power dissipation 


R8JA = Junction-to-ambient 
thermal resistance 


Figures 1, 2 and 3 permit 
easier use of equation 
(1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature 
as determined 
by 


equation (2): 


TR = TJlma.) 
- ROJA PRIAV) 
(2) 


Substituting 
equation (2) into equation (1) yields: 


TAlma.) 
= TR - 
ROJA PF(AV) 
13) 


Inspection of equations (2) and (3) reveals that TA is the ambient 
temperature at which thermal runaway occurs or where TJ ::::12Soe, 
when forward 
power is zero. 
The transition 
from one boundary 


condition 
to the other is evident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope in the vicinity 


of 1160e. 
The data of Figures 1, 2 and 3 is based upon de condi- 


tions. 
For use in common rectifier 
circuits, Table I indicateslU'l'" 


gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 


VRloquivi 
= VinlPKI 
• F 
(4) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reversecharacteristics of Schottky 
diad". 


Example: 
Find TA(max) 
for 
1N5828 operated in a 12-Volt dc 


supply using a bridge circuit 
with capacitive filter such that Ice· 
10 A 
IIF{AVI 
= 
5 AI, 
IIPKI/IIAV) 
= 20, Input 
Voltage· 
10 
Vlrms), 
ROJA' 
50C/W. 


Stap 1: 
Find VRlequiv). 
Raad F' 
0.65 from Table I :. 


VRI.quiv) 
= (1.41)(10)(0.651 
= 9.18 V 


Step 2: 
Find TR from Figur. 
3. 
Read TR = 1210C@ VR • 9.18 
& ROJA = 50CIW 
Step 3: 
Find PFIAV) 
from Figure 4." 
Read PF{AVI 
= 10 W 
IIPKI 
@IIAVI20& 
IFIAV)' 
5 A 


Step 4: 
Find TAlma.) 
from equation 131. T Alma.) 
• 
121-(5)1101 


= 710C 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave, 
Cente, Tapped· t 


Load 
Resistive I Capacitive· 
Resistive I Capacitive 
Resistive I Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 


'Note 
that VRIPK) 
"" 2 VinIPK) 


FIGURE 
1 - 
MAXIMUM 
REFERENCE 
TEMPERATURE 
- 
1N5826 
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P 


k 
I, 
_ 
DUTY CYCLE, 0 :::lplll 
= 


TIME 
PEAK 
POWER, 
Ppk 
IS peak 
of an 
= 
-11- 
equIValent 
SQuare power 
pulse 
= 


6. TJC::: Ppk . ROJC [0 + 11 ·0) 
. dfJ 
<+- lpl .•.(('pl-rlll)1 
- 


where 
- 


6 T JC" 
the 
increase 
in junction 
temperalure 
above 
the case 
temperature 


r(tl 
'" normaltzed 
value 01 tranSIent 
thermal 
reSIStance aillme, 
1, from 
FIgure 
8. l.e 
:= 


'(11 
+ Ipl= 
normalizedvalueoltranSlenllhermalleslsldnceatllme, 
11+ 
tp 


-VR 
= VRWM 
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lN5826 
20 V 
- 
lN5827 - 30 V 
I 
"'5828 - 40 V 


Since 
current 
flow 
in a Schottky 
rectifier 
is the 
result 
of majority 
carrier conduction, 
it 
IS not subject to junction diode forward and 


reverse 
recovery 
tranSients 
due to 
minority 
carrier injection 
and 
stored charge. Satisfactory circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable capacitance. 
(See Figure 111. 


Rectification 
efficIency 
measurements 
show 
that 
operation 
wdl 
be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example. 
relative 


waveform 
rectIfIcatIon 
efficiency 
IS approximately 
70 
per 
cent 
at 
2.0 MHz, e.g., the ratio of dc power to RMS power In the load is 
0.28 at this frequency, 
whereas perfect rectifIcatIOn would yield 
0.406 
for 
sine wave Inputs. 
However, In contrast to ordinary 


junction diodes, the loss In waveform efficiency 
is not IndIcative of 
power loss; it 
IS simply a result of reverse current flow through the 
diode capaCitance,which lowers the dc output vOltage. 
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Designers Data Sheet 


HOT 
CARRIER 
POWER 
RECTIFIERS 


employing 
the 
Schottky 
Barrier 
principle 
in a large 
area 
metal- 


to-silicon 
power 
diode. 
State-of-the-art 
geometry 
features 
epitaxial 


construction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact. 


Ideally 
suited 
for 
use 
as rectifiers 
in 
low-voltage. 
high-frequency 


inverters. 
free-wheeling 
diodes, 
and 
polarity-proteClion 
diodes 
. 


• 
Extremely 
Low 
vF 
• 
Low 
Power 
Loss 
High 
Efficiency 


• 
Low 
Stored 
Charge, 
Majority 
• 
High 
Surge 
Capacity 


Carrier 
Conduction 
• 
TX Version 
Available 


Designers 
Oat8 for "Worst 
Case" 
Conditions 


The Designers 
Data sheets permit 
the design of most Circuits 
entirely 
from 
the 
informatlon 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on 
device characteristIcs 
- 
are gIven to facilitate 
"worst 
case" deSIgn 


1N 
5831 
1N 
1N 
M8R 
Rating 
Symbol 
5829 
5830 
5831 H.H1 
Unit 


Peak Repetltlve 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 


DC Blocking Voltage 
VR 


Non-Repetitive 
Peak Reverse 
Voltage 
VRSM 
24 
36 
48 
Volts 


Average 
RectIfIed Forward 
Current 
10 
Amp 


VRlequlv)';; 
0 2 VR (de)' TC 0 85°C 
. 
25 
.. 


Ambient Temperature 
TA 
°c 


Rated VR Ide), PFIAV) = 0 
90 
85 
80 


R9JA 
0 3.5°C 'W 


Non-RepetItive 
Peak Surge Current 
IFSM 
800 (for 1 cycle) 
Amp 
(Surge applied at raled load 
conditIons. 
halfwave, 
Single 


phase 60 Hz) 


Operating 
and Storage Junction 
TJ. Tstg ~ 
-6510+125 
~ 
°c 


Temperature 
Range (Reverse 


voltage applied 


Peak Operating Junction 
TJlpkl 
150 
°c 
Temperature 
(Forward 


Current Applied) 


Characteristic 


Thermal Resistance. Junction 


to Case 


1N 
5831 
1N 
1N 
M8R 
Characteristic 
Symbol 
5829 
5830 
5831H,H1 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
Volts 
Voltage 11) 
(iF = 10 Amp) 
0.360 
0.370 
0380 
(iF = 25 Amp) 
0.440 
0.460 
0.460 


(iF = 78.5 Amp) 
0.720 
0.770 
0.820 


Maximum 
Instantaneous 
Reverse 
iR 
mA 
Current 
@ Rated de Voltage (1) 
20 
20 
20 


ITC = 100°C) 
150 
150 
150 


lN5829 
lN5830 
lN5831 
MBR5831H, 
HI 


SCHOTTKY 
BARRIER 
RECTIFIERS 


15AMPERES 
20,30,40 
VOLTS 


~ 


. 
r- 
~~ 
, 


i1tILLI.-r.TflS 
- 
". 
IHCIl£S 
nia. 
.", 
.in . 
.". 
, 
10.17 
11.10 
0.414 
(l.U? 
. 
G.'!' 
, 
10.29 
0.4S11 
, 
O.2SC 
, 
1.91 
4.H 
0.075 
O.l7S 
, 
... 
a.on 


" 
,.. 
II.Of> 
, 
10.1 
11.51 
0.422 
D.HJ 
. 
IO.n 
" 
, 
'" 


0.018 


Q 
... 
o .O~O 


MECHANICAL 
CHARACTERISTICS 
CASE: 
Welded, hermeticallv 
sealed 


FINISH: All external surfaces corrosion 
resistant and terminal 
leads are 


readily solderable. 
POLARITY: 
Cathode to Case 


MOUNTING 
POSITIONS: 
Any 


STUD 
TORQUE: 
15 in. ib. Max 


Reverse power dissipation 
and the possib\Jity of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. 
Proper derating may be accomplished by use 


of equation (1)' 


TAlmax) 
= TJlmaxl-ReJA 
PFIAV)- 
ReJA PRIAVI 
111 


where 
T A(max) "" Maximum allowable ambient temperature 


TJ(max) "" Maximum allowable Junction temperature (1250C 


or the temperature at which thermal runaway 
occurs, whichever rslowestl. 


PF(AV) 
"" Average forward power dissipation 


PA{AVI 
"" Average reversepower dissipation 


ROJC ""Junctlon·to-amblent 
thermal resistance 


Figures 
1, 2 and 3 permit 
easier use of equation 
(1) by taking 


reverse power dissipatIon and thermal runaway into consideration. 
The figures solve for a reference temperature 
as determined 
by 


equation (2). 


TR = TJlmaxl 
- ReJA PRIAVI 
12) 


SubstItuting 
equation (2) into equation (1) yields: 


TA(max) 
= TR - 
ReJA PFIAVI 
131 
InspectIon of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ "" 1250C. 
when forward 
power ;s zero. 
The transition 
from one boundary 
condition 
to the other is eVident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope rn the vicinity 
of 11SoC. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. 
For use in common 
rectifier 
circuits, Table I Indicates sug- 
gested factors for an equivalent dc voltage to use for conservative 
design; i.e.' 


VRlequivl 
= Vin(PKI 
x F 
(41 


The Factor F is derived by considering the properties of the various 
rectrfler circuits and the reversecharacteristics of Schottky 
diodes. 


Example: 
Find TA(max) 
for 
lN5831 
operated in a 12-Volt dc 


supply using a bridge CIrcuit with capacitive filter such that IOC "" 
16 A 
IIFIAVI 
= 8 A). IIPKl/IIAVI 
= 20. Input 
Vol tag. 
= 10 
VI,msl. 
ReJA = 50CIW. 


Step 1 
Find VR(equiv). 
Read F "" 0.65 from Table I:. 


VRI.quiv) 
= f1.4111101l0.651 = 918 
V 


Step2 
FindTR 
from Figure 3. ReadTR"" 
1130C@VR=9.18 
& ReJA 
= 50C/W 
Step3 
FindPF(AV)from 
Ftgure4.··AeadPFlAVI= 
12.8W 


@;~I= 
20& 
IFIAVI 
= 8 A 
IIAVI 
Step 4. 
Find TAlmaxl 
from equation (3) 
T A(maxl 
"" 113·(5) 
11281 " 49°C 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave, 


Center Tapped * t 


Load 
Resistive I 
Capacitive * 
Resistive I 
Capacitive 
ReSistive I Capacitive 


'Ine W~ve 
n.~ 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Souare Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 


R'oJA(OC·W) 
50' 


30 
40 
50 
7.0 
10 


VR. 
REVERSE 
vOLTAGE 
(VOLTS) 


FIGURE 3 - 
MAXIMUM 
REFERENCE TEMPERATURE 
lN5831 
AND MBR5831H. H1 
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FIGURE 4 - 
FORWARD POWER OISSIPATION 
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_ 
PEAK POWER, 
Ppk,;S 
peak 01 an 
TIME 
- 
lJ 
- 
equivalenlsquare 
power 
pulse. 


C. TJC = Ppk . R'JC [0' 11- 0)' 
r(11 
t lpl 
+ ((lpl-rllj)1 


where 
AT JC "" Ihe Increase 
in junction 
temperature 
abovl! 
the 
case 
temperature 


r(t) 
= normalized 
value 
of transient 
thermal 
[eSlSunCe 
at lime. 
t, from 
F tguII! 8, i.1! . 


r(1\ 
+ lpl 
= normalized 
value 
of Iransienllhermal 
resistance 
ill lime. 
t 1 + {p. 


FIGURE 
9 - 
NORMALIZED 
REVERSE 
CURRENT 
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Since 
current 
flow 
in a Schottky 
rectifier 
is the 
result 
of 
majority 


carrier conduction, 
It 
IS not subject to junction diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injection 
arld 


stored 
charge. 
Satisfactory 
cirr:uit 
analysis 
work 
may 
be performed 


by 
using 
a model 
consisting 
of 
an 
Ideal 
diode 
in 
parallel 
with 
a 


variable capacitance. 
(See Figure 111. 


Rectification 
efficiency 
measurements 
show 
that 
operation 
will 


be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example, 
relative 
waveform 
rectification 
efficiency 
is approximately 
70 per cent at 


2.0 MHz, e.g., the ratio of dc power 
to RMS power 
in the load IS 


0.28 at this frequency, 
whereas perfect 
rectification 
would 
yield 


0.406 
for 
sine wave 
inputs. 
However, 
in contrast 
to ordinary 


junction 
d;odes, the loss in waveform 
efficiency 
is not Indicative 
of 


power 
loss; it ISsimply a result of reverse currerI! flow 
through 
the 


diode capacitance, which 
lowers the dc output 
voltage 


TJ • m'c 
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VR, REVERSE VOLTAGE IVOLTS} 


PRODUCTION 
PROCESS 


1 
Raw Material 


2. Factory 
Processing 


INSPECTION 
LOT 
FORMATION 


AFTER 
FINAL 
ASSEMBLY 


OPERATION 
(SEALING) 


1 
High Temperature 
Storage 


2 
Temperature 
CYcling 


3 
Constant 
Acceleration 


4 
Hermetic 
Seal (F:ne 
and Grossl 


The 1N5831 
is also avallable 
with 
two levels 
of extra testing 
similar to "TX" screenIng 
and including 
Group A and B inspection 


programs. 
Both 
the MBR5831 
Hand 
MBR5831 
H1 go through 


100% screening 
consisting 
of high temperature 
storage, temper- 
ature 
cycling. 
constant 
acceleration 
and hermetic 
seal testing 
prior to a sample 
being submitted 
to Group A and B Inspection. 


After completion 
of Group B inspection. 
the MBR5831 
H is avail- 


able without 
additional 
screening. 
MBR583 
1H 1 devices 
are 


further 
processed 
through 
a high 
temperature 
reverse 
bias 


(HTRBl 
and 
forward 
burn-In. 
Consult 
factory 
for 
details 


100% POWER 
CONDITIONING 


1 
Electrical 
Test 
2. HTRB 
(160 
Hrs Min) 


3 
Electrical 
Test (PDA 
= 10) 


4. DC Forward 
Burn-In 
(24 
Hrs Minl 


5 'Electrical 
Test 
(PDA 
= 10) 


PREPARATION 


FOR 


DELIVERY 


@ MOTOROLA 


. employing 
the Schottky 
Barrier principle 
in a large area metal·to-silicon 
power 
diode. 
State of the art geometry features epitaxial 
construction 
with oxide passiva- 
tion 
and metal overlap contact. 
Ideally 
suited for use as rectifiers 
in low-voltage, 
high-frequency 
Inverters. 
free wheeling diodes. and polarity 
protectIon 
diodes. 


• 
Extremely 
Low "F 
• 
Low Power Loss/High Efficiency 
• 
Low Stored Charge, Majority 
• 
High Surge Capacity 


Carrier Conduction 


Designe,'s 
Dati 
for "Worst Case" Conditions 


The 
Desigr.• rs 
Oata 
sheets 
permit 
the 
design 
of 
most 
circuits 
entirely 
from 


the 
information 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on 
device 
char· 
acteristics 
- 
are given 
to facilitate 
"worst 
case" 
design. 


R.ting 
Symbol 
1N5832 
1N5833 
1N5834 
Unit 


Peak Repetitive Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
24 
36 
48 
Volts 


Average R8Ctifi.ed Forward Current 
10 . 
40 
. 
Amp 


VRlequiv)';; 
0.2 VR(dc),T C • 75°C 


Ambient 
Temperature 
Rated VR(dcl, 
PF(AV)' 
0, 
TA 
100 
95 
90 
°c 
ROJA • 2.00CIW 


Non-Repetitive 
Peak Surge Current 
IFSM 


(surge applied at rated load conditions 
~ 
800 (for 1 cycle) ~ 
Amp 
halfwave, single phase, 60 Hz) 


Operating and Storage Junction 
TJ,Tstg 
Temperature 
Range (Reverse 
~-65to+125~ 
°c 


voltage applied) 


Peak.Operating Junction 
Temperature 
TJ(pk) 
_150 
•. 
°c 


(Forward Current Applied) 


Ch.rKteristic 
Symbol 
1N5832 
1N5833 
1N5834 
Unit 


Maximum 
Instantaneous Forward 
vF 
Volts 
Voltage(l) 
liF = 10 Amp) 
0.360 
0.370 
0.360 


(iF' 
40 Amp) 
0.520 
0.550 
0.590 


(iF = 125 Amp) 
0.980 
1.080 
1.180 


Maximum 
Instantaneous Reverse 
iR 
mA 
Current@rateddc 
Voltage (1) 
20 
20 
20 
TC" 
100°C 
150 
150 
150 


-Indicates JEDEC Registered Data. 


(1) Pul", Test: 
Pul'" Width ".300 
IlS, DutY Cycle" 
2.0%. 


IN5832 
IN5833 
IN5834 


SCHOTTKY 
BARRIER 
RECTIFIERS 


15 AMPERES 
20,30, 40 VOLTS 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
16.94 
17.45 
0.667 
0.687 


8 
- 
16.94 
- 
0.667 


C 
- 
11.43 
- 
0.450 


D 
- 
9.53 
- 
0.375 


E 
2.92 
5.08 
0.115 
0.200 


f 
2.03 
- 
0.080 


H 
1.52 
0.060 
- 


J 
10.72 
11.51 
0.422 
0.453 


K 
- 
25.40 
- 
1.000 


L 
3.96 
0.152 
- 


p 
5.59 
6.32 
0.220 
0.249 


Q 
3.56 
4.45 
0.140 
0.175 


NOTES: 


1. Dimension 
"P" is diameter. 


2. All JEOEC dimensions 
and notes apply. 


CASE: 
Welded, hermetically 
sealed 


FINISH: All external surfaces corrosion resistant 


and terminal lead is readily solderable. 


POLARITY: 
Cathode to Case 


MOUNTING 
POSITION: 
Any 


STUD TORQUE: 
25 in. lb. Max 


SOLDER HEAT: see Note 3 


Reverse power dissipation 
and the possibility 
of thermal runavvay 
must be considered when operating this rectifier at reverse voltages 
above 0.2 VRWM. 
Proper derating may be accomplished by use 
of equation (11: 


TAlma.l: 
TJlma.) 
-R9JA 
PFIAVI- 
R9JA PRIAV} 
III 


where 
T A(max) '" Maximum allowable ambient temperature 


TJ(max) '" Maximum aHowablejunction 
temperature (1250C 
or the temperature at which thermal run3'Vllay 
occurs, whichever is lowestl. 


PF(AVl 
'" Average forward power dissipation 


PR(AVl 
'" Average reverse power dissipation 


RO]C '" Junction-to-ambient 
thermal resistance 
Figures 
1, 2 and 3 permit 
easier use of equation 
OJ 
by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for 
a reference temperature 
as determined 
by 
equation (2): 


TR = TJlma.) 
- R9JA PRIAVI 
12) 


Substituting 
equation (2) into equation (1) yields: 


TAlma.1 
= TR - 
R9JA PFIAVI 
13} 
Inspection of equations (2) and (31 reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ '" 125°C, 
when forward 
power is zero. 
The transition 
from one boundary 


condition 
to the other is evident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope in the vicinity 
of 
11SoC. The data of Figures 1, 2 and 3 is based upon de condi- 


tions. 
For use in common 
rectifier 
circuits, 
Table I indicates sug- 


gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 


VRlequiv) 
= Vir.(PK) 
• F 
14} 


The Factor F is derived by considering the properties of the various 
rectifier circuits and the reversecharacteristics of Schottky 
diodes. 


Example: 
Find T A(max) 
for 
1NS834 operated in a 12·Volt dc 
supply using a bridge circuit 
with capacitive filter such that IOC::: 


30 A IIFIAVI 
= 15 AI. 
IIPKIIiIAV} 
= 10. Input 
Voltage = 
10 
Vlrmsl. 
R9JA = 30C/W. 


Step 1: 
Find VR(equiv)' 
Read F ::: 0.65 from Table I :. 


VRlequiv}: 
110111.41110.651= 9.18 V 


Step 2: 
Find TR from Figure 3. Read TR.'" 118°C @ VR '" 9.18 V 
& ReJA : 30C/W 
Step 3: 
Find PFIAVI 
from Figure 4. tRead PFIAV} = 20 W 
IIPKI 
@IIAVi'O&IFIAVI 
= 15 A 


Step 4: 
Find TAlma.} 
from equation 131. TAlma.1 
= 118-131(20) 


= 58°C 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave. 
Center Tapped (, ),(2) 


Load 
Resistive I Capacitive (,) 
Resistive I 
Capacitive 
Resistive I 
Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 
Square Wa'Je 
0.75 
I 
1.5 
0.75 
1 
0.75 
1.5 
I 
1.5 


i1INote 
that VRIPKJ ""2 
VinlPKI 


FIGURE 1 - MAXIMUM 
REFERENCE TEMPERATURE 
-1N5832 
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Prior to $Urge, the rectifier ;s operated such 
that TJ = 1000e; 
VRRM may be applied 
between tach cycle 01 surge 
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DUTY CYCLE, 0::; tp/ll 
.- 


Ip 
_ 


PEAK 
POWER, 
Ppk, 
is peak 
of an 
TIME 
-II 
- 
equivalent square power pulse 


~ TJC ~ Ppk . ROJC 10 • (1 - 01 . r(I1+1p)+rltpl·rlqll 


where 
~ TJC" the Increase in junctIon temperature above the case temperature 


rlt) " normalized 
value of uaosumt thermal resistance at time. t. from figure 8. I e.: 


1 rf:l 
+ lpl" 
normalized value Ollra~Sienllhelr~al 
resislance at lime. 11 ; l~. 
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Since current flow in a Schottky rectifier isthe result of majority 
carrier conduction, 
it is not subject to junction 
diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injection 
and 
stored 
charge. 
Satisfactory 
circuit 
analysis 
work 
may 
be perlormed 
by using 
a model consisting of an ideal diode in parallel with a 
variable 
capacitance. 
(See 
Figure 
111- 


Rectification 
efficiency 
measurements show that operation will 
be satisfactory 
up to several megahertz. 
For example, relative 


waveform rectification 
efficiency 
is approximately 
70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency. 
whereas perfect rectification 
would 
yield 
0.406 
for 
sine wave inputs. 
However, 
in contrast 
to ordinary 


junction 
diodes, the loss in waveform efficiency 
is not indicative of 


power loss; it is simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


The excellent heat transfer property 
of the heavy duty copper 
anode terminal 
which 
transmits 
heat away from the die requires 


that 
caution 
be used when attaching wires. Motorola 
suggests a 
heat sink be clamped between the eyelet and the body during any 
soldering operation. 


@ MOTOROLA 


· .. employing 
the Schottky 
Barrier principle in a large area metal- 


to-silicon 
power diode. State-of-the-art 
geometry features epitaxial 
construction 
with 
oxide 
passivation and metal 
overlap contact. 


Ideally 
suited for 
use as rectifiers 
in low-voltage, 
high-frequency 
inverters, free-wheeling diodes, and polarity-protection 
diodes. 


• 
Extremely Low vF 


• 
Low Stored Charge, Majority 


Carrier Conduction 


• 
Low Power Loss! 


High Efficiency 


• 
High Surge Capacity 
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lN6095 
lN6096 


SCHOTTKY 
BARRIER 
RECTIFIERS 


25 AMPERES 
30 to 40 VOL TS 


'" 


MILLlt-!FTEAS 
I\CIIES 


nln. 
.at. 
.in. 
.ax. 
. 
lo.n 
11,10 
O.~:~ 
n.~3- 
. 
0.1 :'~ 


C 
IIl.!9 
II. ~~n 
, 
O.!SC 
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" 
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, 
ilL}! 
1l. ~1 
II. ~!! 
D.H3 
, 
!0.3! 
" " 
, 
Z., 
0.011 
, 
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~ 
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CASE: Welded, hermetically 
seated 


FINISH: 
All 
external 
surfaces 
corrosion· 


resistant 
and 
terminal 
leads 
are 


readily solderable. 


POLARITY: 
Cathode 
to case 


MOUNTING 
POSITIONS: Any 


STUO TORQUE: 
15 in. lb. max 


Riling 
Symbol 
lN609S· 
IN6096· 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
30 
40 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
DC Blocking 
Voltage 
VR 


Average 
Rectified 
Forward 
Current 
10 
25 
25 
Amp 
IRated VR) 
TC = 70°C 
TC = 70°C 


Case Temperature 
IRated VR) 
TC 
105 
105 
°C 


Non·repetitive 
Peak Surge 
Current 
(Surge 
applied 
at rated 
IFSM 
400 
400 
Amp 
load conditions. 
halfw8ve. 
single phase. 
60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
TJ' Tstg 
-65 
to 
-65 
to 
°C 
+125 
+125 


Peak Operating 
Junction 
Temperature 
(Forward 
Current 
Applied) 
TJ(pk) 
150 
150 
°C 
-, 
Voltage 
Rate of Chonge 
IRated VR) 
dv/dt 
- 
- 
v/lJs 


Charact,ristic 
Symbol 
lNB09S· 
1N6096· 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
(1) 
vF 
Volts 


- 
- 


liF = 78.5 Amp, TC = 10°C) 
0.86 
086 
- 
- 


Maximum 
Instantaneous 
Reverse 
Current 
(1) 
iR 
250 
250 
mA 
IRated de Voltage, 
TC = 125°C) 


Capacitance 
(VR = 1.0 Vdc, 100kHz", 
, '" 
1.0 MHz) 
Ct 
6000 
6000 
pF 


1000 


« 100 
i 
>--z~ 
10 
~ 
=>'-'w~ 10 
w 
~ 
"' 0.1 


~ 


=TJ 
0 150'C 


12SoC 


- 
100°C 
:::;;;: 
= 


15°C 


- 
15'C 
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· .. employing 
the Schottky 
Barrier principle 
in a large area metal· 


to-silicon 
power 
diode. 
State-of-the-art 
geometry 
features 
epitaxial 


construction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact. 


Ideally 
suited 
for 
use as rectifiers 
in low·voltage. 
high·frequency 


inverters, 
free-wheeling 
diodes, 
and 
polarity-protection 
diodes. 


• 
Extremely 
LowvF 


• 
Low Stored Charge. Majority 


Carrier 
Conduction 


• 
Low Power Loss/ 


High Efficiency 


• 
High Surge Capacity 


I 
I 
I 


I 
I 
I 


T; = "Joc 
Js"c 


/ 
./ 
J l/ 


; 


J I 
/ 
/ / 


I 
I 


I 


~ 
100 


"~ 


~ 
=>o 
z~ 
z 
~ sO 


01 
04 
06 
08 
10 
11 


'o'F,INST ANTANEOUS 
fORWARD 
VOLT 
AGE 
(VOL 
TS) 


lN6097 
lN6098 


SCHOTIKY 
BARRIER 
RECTIFIERS 


50 AMPERES 
30 and 40 VOLTS 


~ 


I 


I 
A 


~ __I I_I 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
16.94 
17.45 
0.667 
0.687 
8 
- 
16.94 
0.667 
C 
11.43 
- 
0.450 
0 
- 
9.53 
- 
0.375 
E 
2.92 
5.08 
0.115 
0.200 
F 
2.03 
- 
0.080 
H 
1.52 
- 
0.060 
J 
10.72 
11.51 
0.422 
0.453 


K 
25.40 
- 
1.000 


l 
3.86 
0.152 


P 
5.59 
6.32 
0.220 
0.249 


0 
3.56 
4.45 
0.140 
0.175 


NOTES: 


1. Dimension 
"P"isdiameteL 


2. All JEO EC dimensions 
and notes apply. 


CASE 257·01 
00·5 


CASE: 
Welded, hermetically 
sealed 


FINISH: 
All 
external 
surfaces 
corrOSion· 
resistant and terminal 
lead is readily 


solderable. 


POLARITY: 
Cathode 
to case 


MOUNTING 
POSITIONS: 
Any 


STUD 
TOROUE: 
25 ,n. lb. max 


Ratine 
Symbol 
lN6097 
1N6098 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
30 
40 
Volts 


Working 
Peak Reverse 
Voltage 
VRWM 


DC Blocking 
Voltage 
VR 


Average 
Rectified 
Forward 
Current 
10 
50 
50 
Amp 


(Rated VR) 
TC = 70°C 
TC = 70°C 


Case Temperature 
(Rated VR) 
TC 
115 
115 
°C 


Non-repetitive 
Peak Surge 
Current 
(Surge 
applied 
at rated 
IFSM 
800 
Amp 


load conditions. 
halfwave. 
single 
phase. 
60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
TJ' Tstg 
-65 
to 
-65to 
°C 
(Reverse Voltage 
Applied) 
+125 
+125 


Peak Operating 
Junction 
Temperature 
(Forward 
Current 
Applied) 
TJ(pk) 
150 
150 
°C 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


Characteristic 
Symbol 
!N6097 
!N6098 
Unit 


Maximum 
InstanOtaneous Forward 
Voltage 
(1) 
vF 
Volts 


(iF = 157 Amp, TC = 70°C) 
0.86 
0.86 


Maximum 
Instantaneous 
Reverse 
Current 
(1) 
iR 
250 
250 
mA 
(Rated de Voltage, 
TC = 125°C) 


Capacitance 
(VR = 1.0 Vdc, 100 kHz';; f';; 1.0 MHz) 
Ct 
7000 
7000 
pF 


I-- 


-T) 
ISOOC 
- 
= 
125°C 


- 
100°C 
= 
- 
75°C 
- 


I 


_. 
-- 
25°C 


1 


100 
~ 
z 
~ 
10 
~ 
=>u 
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40 HF, HFM SERIES 


41 HF, HFM SERIES 


STUD 
MOUNTED 
POWER 
RECTIFIER 


STANDARD 
RECOVERY 
POWER RECTIFIER 


... 
compact, 
highly 
efficient 
silicon 
rectifier 
for medium 
current 
applications 
requiring: 


High Current 
Surge 
-500 
Amperes 
- 
Peak performance 
at elevated 
temperatures 


100-1600 
V 
40 AMPERES 


40HF 
SERIES-UNF 
THREAD 
40HFM-METRIC 
THREAD 


Designers 
Data 
for "Worst 
Case" 
Conditions 


The 
Designers 
Data 
sheets 
permit 
the design 
of most, 
circuits 


entirely 
from 
the 
information 
presented. 
Limit 
curves 
- 
re- 
presenting 
boundaries 
on 
device 
characteristics 
- 
are 
given 


to facilitate 
"worst 
case" 
design. 


RATING 
SYMBOL40HF10 40HF20 40HF40 40HF60 40HF80~OIlF1O OHFlzr[WHF14COHF160 UNITS 


Peak Repetitive 
Reverse Voltage 
VRR~I 


\':orking Peak Reverse Voltage 
VRI'.l.l 
100 
200 
400 
600 
800 
1000 
1200 
1400 
1600 
VOLTS 
OCBlocking Voltage 
VR 


Non-Repetitive 
Peak Reverse 
VRSM 
150 
275 
500 
725 
950 
1250 
1450 
1650 
1900 
VOLTS 
Volta~e 
RH5Reverse Voltage 
VRrRt>lS) 
70 
140 
280 
420 
560 
700 
840 
980 
1120 
VOLTS 


Average Rectifier 
Fo,,",ard Current 
10 
40A 
40A 


(Single 
phase, 
Resistive 
load) 
Tc ~ 140·C 
Tc 
& 110·C 
AMPS 


Non-Repetitive 
Peak Surge Current 
IFSI>I 
(surge 
applied 
at rated 
load 
500 
Al-lPS 
conditions) 


Operating 
Junction 
Temperature 
TJ 
- 65 TO +190 
°c 
Range 


Storage 
Temperature 
Range 
Tstg 
- 65 TO +190 
°c 


CHARACfERIsriC 
SYMBOL 
typ 
MAJ( 
UNIT 


Thennal Resistance. 
Junction 
to 
ReJC 
0.90 
°C/W 


Case 


(;ASE: 
Welded, 
hermetically 
sealed. 


FINISH: 
All external 
surfaces 
corrosion 
resistant 
& readly 
solderable. 


POLARITY: 
Cathode 
to Case. 
WEIGHT: 
17 Grams 
(Approximately) 


MOUNTING 
TORQUE: 
25 in-1bs 
max. 


41HF, 
HFM SERIES 
IS IDENTICAL 
TO 
4OHF, 
HFM WITH 
FLEXIBLE 
LEAD. 


CHARACTERIsriC 
SYMBOL 
MAX 
UNIT 


Instantaneous 
Forward Voltage 
vF 
1. 15 
Volts 


(IF • 63aJ1ll, TJ - 150°C) 


Reverse Current 
(rated 
dc voltage 
IR 
100 
T 
- 25°C 
F- 
ig - 100°C 
500 


500 


300 


100 


iL'OO 
"5 
70 
>-z 
w 
'" 
50 
'"=>u 
0 
'" 
30 
..~ 
0~ 10 
~ 
~ 10 
.. 
~ 7.0 
.~ 


5.0 


3.0 


1.0 


1.0 


0.7 


I 
I 
,,/ 
..-- 


I 
I 
,/ 
,,/ 


, 
1/ 
,/' 
TJ -15'C 


I 
/ 
1/ 


- 
TVpical 
I 
I 


MaxImum 


II 
I 


I I 
I I 


I 


0.8 
1.0 
1.1 
1.4 
1.6 
1.8 


YF, INSTANTANEOUS 
FORWARD 
VOLT 
AGE 
(VOL 
IS) 


50 


i5 
40 
~ 
=> 
30 
u~..~ 20 
~ 
w.. 
~ 10 
>.. 
>1 


TJ;I l1soe 


f:: 60 Hz 


..•.• 
I 
VARM 
May 
Be Applied 
....•• 
Between 
Each Cycle 01 


•..•....• 
Surge. 


t--- •..... 
, 


-......r-- 
c-(\ (\ 


r-- 


r- 
_1 
Cycle 
~ 


I 
I 
I 
I I 


~ 
700 
"5 


~ 
500 


'"'"B 
~ 
300 
~ 


~ 
200 
~ 
~ 


; 
100 
1.0 


1.5 


1.0 


1.5 


G 
1.0 


"- 


> 
0.5 
5 
>-z 
5 -0.5 
" 
tt; ·1.0 
8 


..j. 


TypIcal 
Range 


;;:. 


-1.5 


-2.0 


-1.5 
0.1 
0.2 
0.5 
1.0 
1.0 
5.0 
10 
20 
50 
100 
200 
500 
1000 


iF. INSTANTANEOUS 
FORWAAD 
CURRENT 
lAMP) 


~ 
.- 


------ 


v 


.- 
. - 


- 


-- 
------ 


s:tJL 


Pk 
Ppk 


Ip- 
Time 
I----tl--~ 


To determine 
maximum junction temperature 
of the diode in 


a given 
situation, 
the 
following 
procedure 
is recommended. 


The 
temperature 
of 
the 
case 
should 
be 
measured 
using 
a 
thermocouple 
placed 
on 
the 
case 
at 
the 
temperature 
reference 
point 
(see the 
outline 
drawing 
on 
page 
1). The 
thermal 
mass can· 


nected 
to 
the 
case 
is normally 
large 
enough 
so that 
it 
will 
not 
significantly 
respond 
to 
heat 
surges 
generated 
in the 
diode 
as a 
result 
of 
pulsed 
operation 
once 
steady 
state 
conditions 
are 


achieved. 
Using 
the measured 
value 
of 
T C' the 
junction 
temperature 
may be determined 
by: 


DUTY 
CYCLE, 
0 = lplll 


PEAK POWER. Ppk. 
IS peak of an 
~uivalent 
square 
power 
pulse. 


where 
6.T JC 
is the 
increase 
In junction 
temperature 
above 
the 
case 


temperature. 
It may 
be determined 
by: 


t.TJC 
= Ppk. 
R8JC 
[0 + 11 -01. 
rill 
+ lpl + '(Ipl 
- rllll! 


where 


r(t) 
0:; normalized 
value 
of 
transient 
thermal 
resistance 
at time, 


t, from 
Figure 
6. i.e.: 


r (tl 
+ tpl 
'" normalized 
value 
of 
transIent 
thermal 
resistance 
at 
time q 
+ tp' 


1.0 


0.7 
1~ 


0.5 


~ 
>-~ 
w 


~ 


0.3 


0 
0.1 
~ 
'"~ 
0 
- 


TJ = 25°C 
~~ 
-- 
V-- 
f. If<..j 
~, -- 


•..... 


I./fr = 1.0 \I 


------ 


•..... 


~ 
- 
f- 
~ - 
1.0 V 
-- 
I 


--- 


I 
I I 


.......... 


100 ~J' ;5 
01C 
....•.. 


"'- 


--- 
All Delllees 


II 
II 


zg 
200 
: 
j 
oj 


r--.. 


IF 
t 
TJ = 25°C 


:'--., 
•.•......... 
o~llJ 


I. 
~~, 


- 
- 
IF:;: 
lOA 
, 
5.0 A 
II j 
r---.....,,7":'" 


{OIA 


..•.•••.•......... ' •.... 


~ 
~ 
w 
10 


::E 
~ 
1.0 
§ 
> 
5.0 
o 
u~ 
~ 
3.0 


~ 
?O 


60 


40 
~ 
~ 
:t 
20 


~ 
z 
wg 


w 
10 
o' 


8.0 


I I III 


TJ' • 25~C 
- 


::::.: 
IFIAV,"OA 
"-,..•. 


r'\ 


- 
CURRENT 
INPUT 
WAVEFORM 
\ 
-~- 
= J1J1J---- 


- 
I 
I 
I 
I 
III 


s 
I 
I 


_t 


v2 m 
~ 
4 
alsine' 
.~ 
.• 
100% '"2 • 100% = 40.6% 


V 
m 
~ 


4RL 


As 
tl"-", frequency 
of 
the 
input 
signal 
is increased. 
the 
reverse 


recovery 
time 
of 
the 
diode 
(Figure 
91 becomes 
significant, 
result- 


ing in an increasing ae voltage component 
across RL which 
is 
opposite 
in polarity 
to 
the 
forward 
current, 
thereby 
(erl' 
the 
value of the efficiency factor.a. asshown on Figure 10. 


It 
should 
be 
emphasized 
that 
Figure 
10 
shows 
wd\leform 
efficiency 
only; 
it does 
not 
provide 
a measure 
of diode 
losse:>. 


Data was obtained 
by measuring the ae component 
of Va with a 


true 
rms 
ae voltmeter 
and 
the 
de component 
with 
a de voltmeter. 


The data was used in Equation 
1 to obtain points for FIgure 10 


lo'I LLIMETERS 
INCHES 
DIM 
min. 
ma. 
I:\in 
max 


A 
16.94 
17.4S 
0.667 
0.687 


g 
- 
1 & 94 
- 
0.667 


C 
- 
11.43 
- 
0.4S0 


D 
- 
9.53 
- 
0.375 


E 
2.92 
S.08 
0.11 S 
0.200 


F 
- 
2.03 
- 
0.080 


H 
1. S2 
- 
0.060 


J 
10.72 
11. S1 
0.422 
0.4S3 


K 
- 
25.40 
- 
1.000 


L 
3.8& 
- 
0.152 
- 


P 
5.59 
6.32 
0.220 
0.249 


Q 
3.56 
4.45 
0.140 
0.175 


S 
75.0 
- 
1.90 
- 


T 
6.0 
- 
O.::!JS 
- 


U 
J.50 
4.50 
0.135 
0180 


REVERSE 
POLARITY 
anode 
to case available, 
add 
R to type 
number, 
example 
40 HFR 
10 
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SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
FAST 
RECOVERY 
POWER RECTIFIERS 


designed for special application 
such as dc power 
supplies, 


inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes_ A complete 
line of fast recovery 
rectifiers having typical recovery time of 300 nanoseconds providing 
high efficiency at frequencies to 250 Hz. 


DESIGNER'S 
DATA 
FOR "WORST CASE" 
CONDITIONS 
The 
Designers 
Data Sheet 
permits 
the design 
of most 
circuits 
entirely 
from 
the 
information 
presented. 
Limit curves 
- 
representing 
device 
characteristic 
boun- 


daries 
- 
are given to facilitate 
,,'h'Orst 
case" design. 


Ratings 
Symbol 
SA 157 
8A 158 
SA 159 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRWM 
Volts 


Working 
Peak Reverse 
Voltage 
VRRM 
400 
600 
1000 


DC Blocking 
Voltage 
VR 


Non 
Repetitive 
Peak 
VRSM 
500 
800 
1200 
Volts 
Reverse Voltage 


RMS 
Reverse 
Voltage 
VRIRMSI 
280 
420 
700 
Volts 


Average Rectified 
'0 
Forward Current 
{Single 
phase. 
• 
400 
~ 
mA 
resistive load, TA:: 75° Cl 


Non.Repetitive 
Peak Surge 
'FSM 
Amps 
Current 
(surge applied 
at rated 
load 
• 
15 
~ 


conditions) 
(T A'" 
75° 
C) 


Operating 
Junction 
Temp. 
Range 
TJ 
• 


-65 
to +150 
~ 
oc 


Storage 
Temperature 
Range 
Tn. 
• 


-65 
to +175 
~ oc 


Characteristics 


T~r~~~~~~ii~t~tir~~fti~~~~d 
~~~i~n~) 


Characteristics 
Svmbol 
Min 
Typ 
M•• 
Unit 


Forward 
Voltage 
VF 
Volts 
(IF" 
1,0 Amp, TA" 25 Grad CI 
- 
1.0 
1.25 


Reverse Current (rated de voltagel TA . 250 C 
'R 
- 
a 
5 
~A 
TA '" 1000 C 
- 
100 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Recovery Time 


IF = 10 mA to IR = 10 mA, 
1 mA 
t" 
- 
- 
500 
n. 


BA 157 SERIES 


FAST RECOVERY 
POWER RECTIFIERS 


400,600,1000 
Volts 
400 mA 


I 
K 
- 
0 


L --1 


CATHODE I --I 


BAND 
I 


K 


I 
I 
_____.1 


MILLIMETERS 
INCHES 
MIN 
MAX 
-MiN 
MAX 


5.97 T60 
0 135 
0160 


119 
3.05 
0110 
0110 
076 
086 - 
0.030 
003' 
179' 
- 
1100 


CASE: 
VOid Free. Transfer Molded 


FINISH: 
External 
leads are tin plated, 
leads are readtly solderable 


POLARITY: 
Cathode 
indicated 
by 
Polarity band 


WEIGHT: 
0.4 
Grams 
(ApprOXimately) 
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30 
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TYPICAL 
/ 
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FIGURE 4 - 
FORWARD 
POWER DISSIPATION 
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FIGURE 2 - 
MAXIMUM 
SURGE CAPABILITY 
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FIGURE 5 - 
FORWARD POWER DISSIPATION 
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FIGURE 
6 - 
EFFECT 
OF 
LEAD 
LENGTHS, 


RESISTIVE 
LOAD 
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To determine 
maximum 
junction 
lempe,alu,e 
at the diode 
in a given situation, 


the following procedure 
is recommended 


The temperature 
of the case should be measured using a thermocouple 
placed 
on the case as close as possible to the tie point. 
The thermal mass connected 
10 


the tie point is normally 
large enough so thalli 
will nOI significantly 
respond to 
hut 
surges 
generated 
in tile diode 
ili illresult of pulsed operation 
once 
steady· 


state 
conditions 
are 
achiewd. 
Using 
the 
measured 
value 
of Te. the 
junction 


temperaturf 
may be determined 
by' 


TJ=TC+.o.TJC 


where 2. TJC is the increase 
10 junction 
temperature 
above the case temperature 


It may be determined 
by: 


aT JC "Ppk 
- R(UC [0. 
II - 0) . rill 
•. tpl. 
r(tpl- 
r(q!] 


where 
rhl 
'" normalized 
value of Hansien1 thermal resiSlance at time. I. horn Figure 
12. i.e.: 
r (11 •. Ill) " normalized 
value 01 HanSlenl thermal 
rUISiance at time tl+ tp. 
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mpdel 
perrt;1its juncllon 
to Iud 
thelm,' 
res.stillnce for 


anv 
mountong 
conf'9uratlOn 
to be 'ound. 
For a IIl'ten tOli' 
lead length, 


lowell 
values occur 
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Side 0' 
the rect.'ler 
IS brought 
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close illS 
poSStble to tht heat son••.. Terms In the model sillnl'y 
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Data shown for thermal resistance junction·to-ambient 
(8JA) tor the 
mounlH-.gs shown is to be used as typical gUIdeline values lot preliminary 
engineermg or in case (he tie point temperature 
cannol be measured. 


TYPICAL 
VALUES FOR SJA IN STILL AIR 


TA • Ambient 
Temptriture 
RSS'O Thtfmal 
Reststanc., 
Heat Sink to Amb ••nt 
Tl'O Lud 
Tempenture 
R8l'" 
Thermal Ru.stance, 
Lead to Heat Si,. 
TC'" Casa Temperature 
R8J'O Thermal 
ReSlsunc •. Junction 
to elloe 
TJ'O Junction 
Temperatuu 
PO'" Power Oiuipalion 


(SubsCripts 
A and K refer to anode IInd CIIthode sides respectively.) 


Values lor thtfmAI resistance 
components 
.,.e: 


R8L'" 
11'JOCIW/IN 
TYl:lluUyand 
12I§JCIW/INMuimum 
RSJ'O lfIJCIW 
Typ.ully 
and JOOCIW Mu.mum 
The maJumUm Iud 
temperature 
mAy be calculated 
u follows: 


TL" 
l5(JO -.oTJL 


oT JL can be calculated 
u shown in NOTE 1 or it mAy be appro)limated 


ulollows: 


.oTJL ~ R8JL • Pf: PF may be formulated 
for sine·wave operation 
from 
F igute 3 or hom 
F 'gure 4 for squ.,..·waV<l operation. 
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RNetse 
recovery 
tune 
'S the penod 
wtuch el.pses 
from the 
l,me 
thai 
t~ 
current, 
thru 
a pteYlOusly 
forward 
bine<f 
rect,',., 
dIode. penes thru zero going ne9'ltlve1y un,it 
the reverse curren, 
recovers 
to I po,nt whld'l is less than 10% peak reverse current. 


Rever. 
recovery 
time 
IS a direct 
function 
of the forward 


current 
pr,or to the apphallon 
of rev.,. 
volt •. 


For any given rect,fler. 
recover.,. time 's ver.,. c,rcu,t 
depend· 


ent 
T.,.p,cal end mlll,mum 
recovery 
t,me 
of all Motorola 
fast 


recovery pO'h'er rectif,ers 
are rated under a f'lIed set of cond,tlons 
u,ong IF 
• 
1.0 A, VR • 30 V. 
In order 
to cover all CircuIt 
condlt,ons. 
curves .re 
given for typical 
recovered 
stored charge 
versus comfTllltation 
dtldt 
for various levels of forward 
curren' 
and 
for 
lunct'on 
temperatures 
of 
2SoC. 
7SoC. 
1000C •• nd 
lSo"C. 


To use these 
cUfies. 
It IS nee-eUlf.,. to know 
the 
forward 


currentl 
•.•••t just before commutation. 
the circuit commutatIon 
di/dl. 
Ind 
the op.ratong 
junction 
temperatur.. 
Th. r•.••.., •• r. 


cover.,. test 
curr.nt 
wav.form 
for all Motorol, 
fau 
rKOv ••..,. 
ractlf,ers 
is shown. 


From 
Slored 
charge 
curves 
versus dl/dt. 
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time 
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pelk 
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recover.,. current 
llAM(AECII 
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uSing tne follOWing formulas 
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. subminiature 
size, axial 
lead-mounted 
rectifiers 
for 
general- 
purpose, low-power applications. 


Designers 
Data for 'Worst 
Case" Conditions 


The 
Designers Data 
Sheets 
permit 
the 
design of 
most circuits 
entirely 
from 
the 
information 
presented. 
Limits 
curves-representing 
boundaries 
on 
device characteristics-are 
given to facilitate 
"worst-case" 
design. 


Rating 
Symbol 
BY 126 
BY 127 
BY 133 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
650 
1250 
1300 
Volts 
DC Blocking Voltage 
VR 


Nonrepetitive 
Peak Reverse Voltage 
VRSM 
650 
1250 
1300 
Volts 
(Halfwave, 
Single Phase, 60 Hz) 


R MS Reverse Voltage 
VR(R¥SI 
460 
880 
920 
Volts 


Average Rectified 
Forward Current 
10 
Amp 
(Single Phase, Resistive Load, 
60 Hz, T L • 700e, 
.. 
1.0 
.. 


1/2" 
From Body) 


Nonrepetitive 
Peak Surge Current 
IFSM 
50 (for 1 cycle) 
Amp 
(Surge Applied 
at Rated Load 
Conditions, 
See Figure 2) 


Storage Temperature 
Range 
Tstg 
-65 to +175 
°c 


Operating Temperature 
Range 
TL 
-65 to +170 
°c 


DC Blocking Voltage Temperature 
TL 
150 
°c 


Characteristic 
and Conditions 
Symbol 
Typ 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage Drop 
vF 
- 
1.4 
Volts 


(;F' 
4.7 Amp Peak, TL' 
1700e, 


1/2 Inch Leads) 


Maximum 
Reverse Current 
(Rated de Voltage) 
IAl 
250 
300 
~A 
(TL'1500C) 


Maximum ReverseCurrent 
IA2 
- 
10 
~A 


TL = 25° C 


CASE: 
Void 
free, transfer molded 


MAXIMUM 
LEAD TEMPERATURE 
FOR SOLDERING 
PURPOSES: 240°C, 


1/8" 
from case for 10 seconds at 5 Ibs. tension 


FIN ISH: All 
external 
surfaces 
are 
corrosion-resistant, 
leads 
are 
readily 
solderable 


POLARITY: 
Cathode indicated by color band 


WEIGHT: 
0.40 grams (approximately) 


BY 126,127, 


BY 133 SERIES 


LEAD-MOUNTED 
SILICON 
RECTIFIERS 
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MIN 
MAX 
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0.23\ 
0.260 
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The temperature 
of the lead should be measured using a thermocouple 
placed 
on the lead as close as possible to the tie point. The thermal 
mass connected 
to 


the tie point is normally 
large enough so that it will not significantly 
respond to 


heat surges generated 
In the diode as a result of pulsed operation 
once steady· 


state 
conditions 
are achieved. 
Using the measured 
value 
of TL. the junctIon 


temperature 
may be determined 
by: 


TJ = It.J,. 
~TJl. 
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FIGURE 6 - 
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Data 
shown 
lor thermal 
resIstance junction·lo-.mbient 
(8JA) 
for the 


mountings 
shown 
IS to be used u typitJl 
gutdellne 
\Qlues 
lor prelimiMry 
engineering 
or In cue the tie point 
lempefature 
Qnnot be measured. 
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RATIO 


RECTIFIER 
EFFICIENCY 
NOTE 


The rectification 
efficiency 
factor a shown in Figures 13 and 14 
was c~culated 
using the formula: 


V20ldcl 


Pdc 
RL 
V20ldcl 
0=--= 
---. 
100%::11: 
-------. 
p,m. 
V201,m.I 
V20lacl 
+ V20ldcl 


RL 


For a sine wave input VmSIO (wt) 
to the diode, 
assumed lossless, 


the maximum 
theoretical 
efficiency 
factor becomes 40%; for a 
square Wtlt/8 input of ampl itude V m. the efficiency 
factor becomes 
50%. 
(A 
full 
wtNe 
circuit 
has twice 
these efficiencies). 


As the frequency 
of the 
input 
signal is increased, the reverse 
recovery time of the diode (Figure 
111 becomes significant, 
result- 


ing in an increasing ac voltage component 
across RL which is 
opposite in polarity 
to the forward current thereby reducing the 
value of the efficiency factor a. as shown in Figures 13 and 14. 


It should be emphasized that Figures 13 and 14 show WINe- 


form efficiency only; they do not account for diode losses. Data 
w. 
obtained by measuring the ac component of Va with a true 
rml 
voltmeter and the dc component with a dc voltmeter. 
The 
data w. 
used in Equation 1 to obtain points for the Figures. 
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SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
SOFT RECOVERY 
POWER RECTIFIERS 


designed 
for 
special 
applications 
such 
as 
dc 
power 
supplies, 


inverters, 
converters, 
ultrasonic 
systems, 
choppers, 
low 
RF 
interfer- 
ence 
and 
free 
wheeling 
diodes. 
A complete 
line 
of fast 
recovery 


rectifiers 
having 
typical 
recovery 
time 
of 500 nanoseconds 
providing 
high efficiency 
at frequencies 
to 250 
Hz. 


DESIGNER'S 
DATA 
FOR "WORST 
CASE" 
CONDITIONS 


The 
Designers 
Data Sheet 
permits 
the design of most circuits 
entirely 
from the 


information 
presented. 
Limit 
curves - 
representing 
device characteristic 
boun- 


daries - 
are given to facilitate 
"worst case" design. 


Ratings 
Symbol 
BY196 
BY197 
BY19B 
BY199 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRWM 
Volts 


Working 
Peak 
Reverse 
Voltage 
VRRM 
100 
200 
400 
BOD 
DC Blocking 
Voltage 
VA 


Non 
Repetitive 
Peak 
VRSM 
200 
300 
500 
lDOO 
Volts 
Reverse 
Voltage 


RMS 
Reverse 
Voltage 
VAIAMSI 
70 
140 
2BO 
560 
Volts 


Average 
Rectified 
'0 
Forward 
Current 
ISingle 
phase. 
OIl 
1.2 
• 


Amp 


resistive 
load, 
T A = 750 
C) 
111 


Non.Repetitive 
Peak Surge 
IFSM 
Am", 
Current 
(surge applied 
at rated 
load 
OIl 
70 
• 
conditions) 
IT A'" 
250 
C) 


Operating 
Junetten 
Temp. 
Range 
TJ 
OIl 
-05 
to +150 
• 


PC 


Storage 
Temperature 
Range 
T "9 
OIl 
-65 
to +175 
• 
PC 


Characteristics 


Thermal 
Resistance, 
Junction 
to Ambient 


(Typical 
Printed 
Circuit 
Board 
Mounting) 


Characteristics 
Symbol 
Min 
TVO 
Ma. 
Unit 


Forward 
Voltage 
VF 
1.1 
1.3 
Volts 
IIF : 3.0 Amp. T A: 
25 PC) 


Reverse 
Current 
(rated 
dc voltage) 
T A 
= 
250 
C 
IA 
- 
1.0 
'0 
~A 
TA=1()00C 
50 
100 


Characteristics 
Symbol 
Min 
Tvo 
Ma. 
Unit 


Reverse 
Recoverv 
Time 
500 
IF = 10 mA 
through 
IR = 10 mA 
to IR = 1 mA 
t" 
- 
- 
ns 


IF'" 
1 Amp_ 
to VR = 30 VOC 
350 
750 
(figure 
21) 
'" 
ns 


BY 196 SERIES 


SOFT RECOVERY 


POWER RECTIFIERS 


100,200,400, 
800 VOLTS 
1.2 AMPERE 


I 
K 
- 
0 


L --~i 


CATHOOE1 ---I 


BANO 
I 


K 


I 
___ 
1 


MllllMETE_RS 
INCHES 
DIM 
MIN 
MAX 
--MIN- 
MAX 


A- 
5 97 
660 
0 135 
0 160 


B 
il9 
3.05 
0_110 
0110 


o 
- oiG" 686- 
-0:030 
003' 
!C 17 9' 
_. 
lTOO 


CASE: 
VOid 
Free, 
Transfer 
Molded 


fiNISH: 
External 
leads 
are tin plated. 


leids 
are 
readily 
solderable 


POLARITY: 
Cathode 
indicated 
by 
Polarity bind 


WEIGHT: 0.4 GrlmslApproximltelyl 
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DISSIPATION 
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FIGURE 
2 - 
MAXIMUM 
SURGE 
CAPABILITY 


45 


40 


35 
30 


~ 
25 


~ 
20 


~ 
15 


z 
10 


~ 
05 


:; 
0 
8.tJ·5 


-10 
-15 


-20 
-25 
005 
02 
051.020 
1.010 
20 
50 


IF 
INSTANTANEOUS 
FORWARD 
CURRENT 
(AMP) 


FIGURE 
3 - 
TEMPERATURE 
COEFFICIENT 


I(PKI • 20 
2':0 


~ 
IIAV,'7 
20 
- 
/ 
I/" 
[7 
'/ 
---- 
- -- 
'7 
/ 
r~ 
./ 


/~ 
-:;; 
de 


'/- ~ 
./ 


/~ ~ /' 
TJ'" 
ISOaC 
- 
- 


/~ V 
~ ~ 
~ 
tf!!!., 


IFlAVI, 
AVERAGE 
FORWARO 
CUARENT 
(AMP) 


fIGURE 
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FORWARD 
POWER 
DISSIPATION 
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FIGURE 
8 - 
3.18 mm LEAD LENGTH, 
VARIOUS 
LOADS 
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FIGURE 
9 - 
3.18 mm LEAD LENGTH, 
VARIOUS 
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FIGURE 
12 - THERMAL 
RESPONSE 
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Ppk 
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Ip_ 
PEAK POWER, 'pk. 
ISpe.k 
01 in 


I!!qulv,lent 
square 
power 
pula 


TiME 
I---- t ,-----.j 


To determine 
maxImum 
junctIon 
Itrnperalurt 
01 the diode in it given Sl!ui!llon. 


the 
follOWing 
procedure 
is recommended 


The temperaturt 
of Ihe cue should 
be melSuffd 
USIng I thermocouple 
placed 
on the 
use 
as clost 
is pOSSible 10 the tit pOlnl 
Thr 
lhermlt 
mass connected 
10 
the 
tie pOint 
is norm.lly 
lirgt enough 
so th,t 
11Will nOI slgmtlcanlly 
respond 
10 
heat surgts gentf,ttd 
in lilt: diode u 
11(~It 
of pulsed operillion 
onu 
study· 


stitt 
conditions 
art 
IChitved. 
UIiI"l9 
th, 
measured 
Wllue 
of Te. the junction 


t,mperature 
may be dflermlned 
by· 


TJsTC·.oTJC 


where 
~ TJC IS the IncruSoe In lunctlon 
tempeutur, 
above 
the cue 
Itmperature 


It mily be detefmlned 
by 


li TJC • Ppk 
. RBJC [0 .•. (1 • Ol . rill 
.•.lp) .•.dIp) 
- rill 
1] 


whlfe 
r(t) 
• normalized 
value 
of Iransient 
Ihermal 
InlSlanu 
at time, 
t, from 
Figure 
12,1.'.: 


I (II 
.•. Ipl 
::I normiliud 
value 
01 tranSient 
Ihermll 
reSISlance 
al time 
II'" lp. 


VIe of (he lbel". 
model 
permlU junctIOn 10 I•• d th.r~1 
reslUlince fo' 
• no, mounlu'" 
COO',.,..1I110n 
to be 'OYnd 
FOt' II ""'" 
10tlll Iud 
lenglh, 
~"I 
"el"," 
OCCUfwhen one sICk of IN recllh., 
I' broutht 
u cIOM II 
POUlb:e 10 the Nllt Sink. Terms In the modelS'9nlfy 
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0'1' 
shown 
for thttmll 
,esistlnee 
junction·to·,mbitnt 
(BJAI fOI the 


mountll'lqs 
shown 
IS to be uSfd IS typlC,l 
guldelme 
Yillues lor prel,mllYl'y 


engmUlmg 
or In cue 
the fie point 
lemprrllure 
Qnnot 
be melSured. 


TYPICAL VALUES FOR 8JA IN STILL AIR 


LEAD 
LENGTH 
L mm, 


MOUNTING 
3.8116.35[,2.7119.1 "Il'JA 
METHOD, 
" " " " 
ow 
, 
" " .' 
'0' 
c'W 


J 
.. 
c'W 
~ H 
P. C. BOlrd 
WIth 
e~ 
38.1 X 3.81 copper surface 
L = 9.~ mm 
~""""' on""", 
~ 
] 
~ 
.....,~9= 


P1.ne 


TA • Ambl~nl Tempe:rllhJf. 
R8S - Therm.t 
Resllt.ne •. He.t S," 
10 Amb ••nt 
TL· 
LI.dTlmperlllur.. 
R9L· 
Ther~l 
Re'llt.nc4I. 
Lud 
10 HeuS,n!l 


TC· 
C•••. Tlm~uure 
R9J- 
Thet"~1 
Rfll.unce, 
Juncllon 
to c.•• 
TJ. 
JunctIOn Tempellture 
PO· Power O,ulpellOn 
{Subsalpl' 
A.nd 
K reilr 
10.node 
IInd ClIlhodl sid" 
respectl".ly 
I 


V.luel 
for therlT'lll f'I'u.na 
componellu 
". 
R8 L - 1120etWIIN 
TYPIQlly.nd 
t2SOCIW/IN 
MUlmum 
R8 J - 1SOCIW TYPl~lIy .nd 
J(fJCIW MUlmum 
TM maximum 
Iud IImpet".turl 
IT'IIYbe ~Ic:ulliled 
II tollowi' 


TL-1SOO-oTJL 


Of JL can be celcu~(ed 
•• shown in NOTE 1 or it lNy 
be .pprox'lT'IIled 
u1ollow •. 


OTJL" 
R8Jl. 
PF. PF IT'IIYbe fOfmul.eled fOf .ine·wt •• operllt,on 
'rom 
Fogure 3 Of from Flgur. 
4 tor squar.·w •••• operation. 
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FIGURE 
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CAPACITANCE 
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FIGURE 23 - TYPICAL 
REVERSE LEAKAGE 
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a direct 
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recovery 
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recovery 
lime 
of all Motorol. 
fut 
reco~ry 
power rect,f,ers.e 
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are gIven for typtcal 
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Current 
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and 
lSrf'C 


To use 
thew 
curies, 
,t 
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FIGURE 24 - 
TYPICAL 
REVERSE LEAKAGE 


® MOTOROLA 


SUBMINIATURE SIZE, AXIAL 
LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


... 
designed for special applications 
such as de power supplies. 
inverters, 
converters. 
ultrasonic 
systems, 
choppers, 
low RF inter· 
ference and free wheeling diodes. A complete line of fast recove- 
ry rectifiers having typical recovery time of 200 nanoseconds 
providing high efficiency 
at frequencies to 250 Hz. 


DESIGNER'S 
DATA 
FOR ••WORST CASE" 
CONDITIONS 


The 
Designers 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 


information 
presented. 
Limit curves 
- representing 
device 
characteristic 
boun· 
daries 
- are given to facilitate 
•.worst 
case" design. 


Ratings 
Symbol 
BY206 
BY207 
Unit 


Peak Repetitive Reverse Voltage 
VRWM 
Volts 
Working Peak Reverse Voltage 
VAAM 
350 
600 
DC Blocking Voltage 
VA 


Non 
Repetitive 
Peak 
VRSM 
450 
BOO 
Volts 
Revers. Voltage 
RMS Reverse Voltage 
VAIAMSI 
250 
420 
Volts 


Average Rectified 
'0 
Forward Current (Single phase, 
4 
0.6 
• 
Amp 


resistive load, TA = 750 C) 


NOrl-Repetitive Peak Surge 
IFSM 
Amps 
Current (surge appl ied at rated loa 
4 
25 
• 
conditions) 
(TA = 250 C) 


Operating Junction 
Temp. Range 
TJ 
4 
-65 to +150 
• 


°C 


Storage Temperature 
Range 
Tn, 
4 
-65 to +175 
• 
oc 


Characteristics 
Thermal Resistance, Junction 
to Ambient 
(Typical Printed Circuit Board Mountin 
) 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Forward Voltage 
VF 
Volts 
(IF = 2,0 Amp., TA = 125 °C: 
- 
1.1 
1.2 


Reverse Current (Rated dc Voltage) TA = 
250 C 
fA 
- 
~.g 
'0 
~A 
TA 
= 1000 C 
- 
125 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Recovery Time 
t" 
IF:: 10 mA to VR = 50 V 
- 
- 
300 
ns 


BY 206/207 


FAST RECOVERY 
POWER RECTIFIERS 


350, 600 VOLTS 


0,6 AMPERE 


I 
K 
- 
0 


L --~i 


CA-'HOOE1 --I 


BAND 
I 


K 


MilLIMETERS 
DIM 
MIN 
MAX 
A- 
\ 91 660 
B 
219 
305 


o 
o-i6 
086 
K- 279. 
_. 
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temperature 
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procedure 
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The temperllure 
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LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 
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designed for special applications 
such as de power supplies, 
inverters, 
converters, 
ultrasonic 
systems, 
choppers,low 
AF inter. 


ference and free wheeling diodes. A complete line of fast recove- 
ry rectifiers having typical recovery time of 300 nanoseconds 
providing htgh efficiency 
at frequencies to 250 Hz. 


DESIGNER'S DATA FOR "WORST CASE" CONDITIONS 
The 
Designers 
Data Sheet permits 
the design of most circuits entirely 
from the 


information presented. Limit curves - representing device characteristic boun- 
daries 
- are given to facilitate 
••\oVOrst case" design. 


Ratings 
Svmbol 
BY 210- 
BY 210- 
BY 210- 


Unit 
400 
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800 


Peak Repetitive R,verse Voltage 
VRWM 
Volts 
Working Peak R'verse Voltage 
VAAM 
400 
600 
800 
DC Blocking Voltage 
VA 


Non R,petitive Peak 
VRSM 
500 
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1000 
Volts 
Reverse Voltage 
RMS Reverse Voltage 
VAIAMSI 
280 
420 
660 
Volts 


Average Rectified 
'0 
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Forward Current (Single phase. 


•• 
1,0 
~ Amp 
resistive load. TA::: 750 C) 


Non.Repetitive 
Peak Surge 
IFSM 
Amps 
Current (surge appl ied at rated load 
•• 
40 
~ 
conditions) (T A::: 750 C) 


Operating Junction Temp. Range 
TJ 
•• 
~5 
to +150 
~ 
°C 


Storage Temperature 
Range 
Tst. 
•• 
~5 
to +175 
~ 
oC 


Characteristics 


Thermal Resistance. Junction to Ambient 
(Typical Printed Circuit Board Mounti 


Character istics 
Symbol 
Min 
Tvp 
Max 
Unit 


Forward Voltage 
VF 
1,1 
1,2 
Volts 
IIF = 2,0 Amp., TA = 25 0cl 
- 
Rever•• Current (rated de voltage) TA - 
250 C 
IA 
- 
1,0 
10 
~A 
TA:: 
1000C 
- 
50 
100 


Charact.istiet. 
Svmbol 
Min 
Tvp 
Max 
Unit 


Reverse Recovery Time 
t" 
300 
n. 
IF = 10 mA to VA = 60 V 
- 
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BY210-400 
SERIES 


FAST RECOVERY 
POWER RECTIFIERS 


400,600, 
800 VOLTS 
1 AMPERE 


G 
-ll-B 


MllliMETE_RS 
INCHES 
MIN 
MAX 
-MIN 
MAX 
597 
660 
0235 
0260 
279 
305 
0110 
0120 


-076 
0 86' 
0030 
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279' 
. 
1.100 


CASE: 
VOid Free. Transfer 
Molded 


FINISH: 
External 
leads are tin plated. 
leads are readily 
solderable 


POLARITY: 
Cathode indicated by 
Polarity band 
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normalized valueo! 
operation once steady·state conditions are achieved. 


tran~ientthelmalreslstan~ 
Using the measured value of Tl. the junction tem· - 


_at 
trmeq+tp,~ 
perat~r~ ~~y be determmed by: 
- 


t....-+-1'"'11111 
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I I IIII 
~J ~ ~L • ~TJL, 
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FIGURE 
11 -STEADV-5TATE 
THERMAL 
RESISTANCE 


50 


Data 
lhown 
10' 
Ihermal 
ru,nance 
lun<:I'On-,O 
/lmb,enl 
(A8JA! 


10' 
Ihe 
mOunl"'\Jl 
1hown 
'1 10 be 
utAld a1 Iyp'cal 
gu'del,ne 
"a'uel 


10' 
prelom,nary 
en\Jmee"ng 
or 
,I" 
.:ale 
the 
ue 
poml 
temper,Uute 


C/lnnOI be mealuted 


MOUNTING 
LEAD LENGTH. L UN) 


METHOD 
1/B 
1,4 
1/2 
I 
3(' 
"oJA 
, 
0 
" 


;:, 
I 
" 
°r,~ 
, 
5. 
1 
W 
3 
,. 
CIW 


u •• 
at 
the 
~O¥e 
mode' 
p ••. miu 
,unctiOn 
to l..-d 
lherm.' 


r••• .unc. 
fIX 
any 
mount'n9 
confl9ur.tion 
to 
tM found. 
For 
a 


9•••••n 
tOUI 
••••• 
lenoCh, 
low", 
",.Iu •• 
occur 
when 
o~ 
"d. 
of 
the 


r.tifler 
i. brOUOlJ"t •.• clow 
•.• p~lble 
to l"e 
h.al 
tink 
Term. 
in 
m. 
model 
tignify; 


TA • Ambient 
Temperatur. 
RSS" 
Therm.1 
Re.iftenee, 
Heat 
Sink 
to 
Ambient 


TL 
• Lead 
Temp.r.tv.e 
RSL" 
Thermal 
R~in.nc., 
L.~ 


to Heat 
Sink 
TC'" 
Ca •• 
Tempef.tvre 
RSJ· 
Th.rmal 
Retinance, 
Junc· 


tlon 
to Ca_ 
T J •• Jvnc,ion 
Temperatur. 
PO" 
Total 
Power 
Dissipetion 
•• 


PF 
+ PR 


PF 
• FOfwerd 
Pow.r 
Oiallpation 


PR 
•• R•••••r•• 
Power 
DiSSIpation 


ISub.croPU 
A and 
I( r.fer 
to .node 
end 
cethode 
,ides 
re.pecl,,,,ely.1 


Velvet 
for 
thermal 
re.inance 
compon.nU 
are; 


RSL 
• .460C/W/IN. 
Typica"y 
and 
48oC/W/IN 
M •••.imvm. 


RSJ 
• 
100C/W 
Tvpically 
and 
160CIW 
M.ltimum 


The 
maltimum 
teed 
temperature 
m.y 
be 
found 
.s 
follows: 


TL• 
TJemu) 
-b 
TJL 


bTJL 
~ 
RSJL 


TYPICAL 
DYNAMIC 
CHARACTERISTICS 
ITJ = 25°C) 
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(Overshoot 
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200mAl 
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FIGURE 
15 - 
RECTIFICATION 
WAVEFORM 
EFFICIENCY 
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VR. REVERSE VOLTAGE (VOL TS! 


® MOTOROLA 


SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
SOFT RECOVERY 
POWER RECTIFIERS 


; .. 
designed for special applications 
such as de power supplies, 


Inverters, 
converters, 
ultrasonic systems, 
choppers,low 
AF inter· 
ference and frE!.8wheeling diodes. A complete 
line of fast recove. 
ry rectifiers having typical reoovery time of 300 nanoseconds 
providing 
high efficiency 
at frequencies to 250 Hz. 


DESIGNER'S DATA FOR "WORST CASE" CONDITIONS 


The 
Designers 
Data 
Sheet 
permits 
the 
design 
of 
most 
circuits 
entirely 
from 


the information 
presented. 
Limit curves 
- representing 
device characteristic 
bounderies 
- are given to facilitate "worst case" design. 


Ratings 
Symbol 
BY296 
BY297 
BY298 
BY299 
Unit 


Peak Repetitive Reverse Voltage 
VRWM 
Volts 
Working Peek Reverse Voltage 
VRRM 
100 
200 
400 
800 
DC Blocking Voltage 
VR 


Non 
Repetitive 
Peak 
VRSM 
200 
300 
500 
1000 
Volts 
Reverse Voltage 


RMS Reverse Voltage 
VRfRMSI 
70 
.- 140 
280 
560 
Volts 


Average Rectified 
'0 
Forward Current (Single phase, 
4 
20 
~ Amp 
resistive load, TAlE 900 C) 


Non-Repetitive 
Peak Surge Current 
IFSM 
Amp 
(surge applied at rated load 
4 
70 
~ 


conditions) 
lone cvc1el 


Operating and Storage Junetten 
TJ' Tstg 
Temperature 
Range 
4 
-65 to +175 
~ 
°C 


Characteristics 
Svmbol 
Min 
Tvp 
Max 
Unit 


Forward Voltage 
VF 
Volts 
(IF = 3,0 Amp., TJ IE250 C) 
- 
1,25 


Reverse Current (rated dc voltage) TJ '" 260 C 
'R 
- 
10 
~A 


Characteristics 
Symbol 
Min 
TVp 
Max 
Unit 


Reverse Recovery Time 
t" 
500 
n. 
IF = 10 mA, to lAM = 10 mA, 1 mA 
- 
- 


IF = 1 Amp. to VR = 30 VOC 
t" 
300 
n. 


BY 296 SERIES 


SOFT RECOVERY 
POWER RECTIFIERS 


100-800 
VOLTS 
2,0 AMPERES 


•LD, 


INCHES 
MilliMETERS 
A 
0.190 
0.210 
4.83 
5.33 


B 
1.062 
1.072 
26.91 
21.23 


C 
0.310 
0.380 
9.40 
9.65 
0 
0.048 
0.052 
1.22 
1.32 


E 
2' 
2 


. , Void free. transfer 
molded 


... 
AII external 
surfaces 
corrosion-resistant 
and the terminal 


leads are readily 
solderable 


.. 
Cathode 
indicated 
by 


pOlarity 
band 


MOUNTING 
POSITIONS 
. Any 


SOLDERING 
. 220°C 
1116" from ca•• 
for ten seconds 


I I 
/ 
V 


TJ'. 
25JC 
V 
/ 


/ 
TYPICAL I 
if MAXIMUM 
I 
I 
I 


I 
/ 
/ / 


I 
I 
I 


, 


30 


L 
'" 


20 
~ 
•... 
~ 
=> 
10 
.... 
~.• 1.0 
~~ 5.0 
~ 
=>:;:z 
3.0 
.•...z 
~ 2.0 
!; 
.Ji. 


1.0 


0.1 


0.5 


0.3 


180 


~ 
110 
~ 
160 
=>•... 
~ 
150 
~ 
z 
140 
0 


~ 
130 
~ 
120 


I 
"- 
"- 


...••.• 
.•••••••.. 
I 


...•...... 
...•...... 
r-!:.eiA·'00CN/ 


...•...... 


200C;;;-'" 
..•.•..•.•... 
..•.•..•.•... 
...••.• 
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..•.•..•.•... 
..••.... 


....•..•. /' "- 


......• 


28oCN// 
....•..•. 
I"--.. "- 
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>-.. 
...••.• 
"- 


500CIW 
......• 
..••.... 
"- 
..••.... 


....•..•. 
.....• 
...••.• 
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VR, PEAK REVERSE VOLTAGE (VOLTS) 
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FIGURE 
3. - 
REVERSE 
POWER 
DISSIPATION, 
SINE 
WAVE 
1000 


100 


500 


CAPACITIVE 
LOADS 


:WKI 
'10,20 
RESISTIVE 
(AV) 


=5 
.... 
.~ 
LOAD 


X 
/. 
.•. 
II 
~,.. 
.•. 
I 


.J1/q::IJ: 


= 
~ 
.'I. 
f-- 


TJ"50oC 
Vp 
f--- 


./ 
MAXIMUM 
I 
- - 
- 
- 
- 
TYPICAL 
I 
I 
I 
I 
I 
I 
I 
I 


100 
200 
JOO 
400 
500 


Vp, PEAK APPLIED VOL TAGE (VOL TSI 


FIGURE 
4 - 
REVERSE 
POWER 
DISSIPATION, 
SQUARE 
WAVE 


5000 


3000 
2000 FCAPACITIVE 
de lOADS" 
...l I 


lOADS 
.••••. 
"" 
..:>t"'" 
. 


I .N' I AI' 
j. ••• 
~- 
I 
I 
IV V,l:,' 
, 
RESISTIVE 
lOADS 
I 
I 
I 


TJ' 
150 C ==J11q:J';t: 
L~ ~'I 
1 __ 
- 
MAXIMUM 
" 
I 
I - - - - - !YPICAl 
__ 
' 
,J_ 


VP~ 


100 
200 
JOO 
400 
500 


Vp, PEAK APPLIED VOL TAGE (VOL TSI 


When operatinq this rectifier 
at }unction temperatures 
over 
1200 
C. reverse power 
dissipation 
and the 
possi- 


bility 
of thermal 
runaway 
must be considered. The data 


of F;gure 2 is based upon worst case reverse power and 
should be used to derate T J(max) from its maximum 


voluo 01 1750 
C. 


, 


< 
103 


.3 
I- 
~ , 


13 
102 


w~~ 
~~ , 


100 
, 


~ 
W-3, 
° 
20 
40 
60 
10 
lOll 
120 
140 
160 
180 
200 


TJ, JUNCTION 
TEMP£~ATU~E 
,oCI 


Data shown 
for thermal 
resistance 
Junction-ta-ambient 
(ROJAI 


for the mountings 
shown 
is to be used as typical 
guideline 
values 


for 
preliminary 
engineering, 
or in case the tie 
POint 
temperature 
cannot be measured. 


Mountinll 
L•• d length, 
L (,nl 


Method 
1/0 
1/4 
I 
'/2 
I 
3/4 
ROJA 


1 
,0 
51 
I 
53 
55 
°C/W 


2 
58! 
59 
I 
61 
63 
°c W 


3 
28 
°C'VIi 


Mounting 
Method 
1 


P.C. Board 
where 


available 
copper 
surface 


is small. 
Mounting 
Method 3 


P .C. Board 
with 


with 
2-1/2" 
X 2-1/2" 
copper 
surface. 


Mounting Method 2 


Vector 
Push 
In 


Terminals 
T 28 


r1 
L = 
112" 
~]q: 


Board 
Ground 
Plane 


JOll 


SOW 


NOH 
INDUCTIVE 


UNIT 


UNDER 
TEST 


10 Ade FROM 


CONSTANT 


VOLTAGE 
SUPPl 
Y 


RIPPLE' 
3 mV,ms 
MAX 


A - TEKTRONIX 
!i4SA, 
K PLUG 
IN 
PRE AMP, P6000 PROBE 
OR EQUIVALENT 


A I - 
ADjUSTED 
fOR 
1 • nBETWEEN 


FOINT 
2 Of 
RElAY 
AND 
RECTIfiER 


INDUCT 
ANtE 
•• 31 ~H 


R2 
- 
TEN 
1 W. 10 n. 
1'!l CARBON 
CORE 


IN PARAllEl 


TA· 
25 
~1~oC 
FOR 
RECTIFIER 


30 Vlit 


CONSTANT 
Val 
rAGE 
SUPPLY 
• 


"III 
lOW 
NON 
INDUCTIVE 
C1 


I O~f 


]{1O 
V 


RECOVERY STORED CHARGE 


FIGURE 9 - TJ. 260C 
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Reverse recovery 
time 
is the 
period 
which 
elapses from the time that the current, thru a 
previously 
forward 
biased 
rectifier 
diode, 
passer, thru 
zero going negatively until 
the 
reverse current 
,,(X)vers to a point which is less 
than 10% pea~ reverse current. 


Reverse recx>very time is a direct funetton 
of 
the forward 
current 
prior 
to the application 
of 
re_se 
voltage. 
For any given rectifier 
I recovery time is very 
circuit 
dependent. 
In order to royer all circuit 
conditions, 
curves are given for typical 
recove· 
red stored charge versus corT'!mutation 
di/dt for 
various 
levels 
of 
forward 
current 
and 
for 
junction 
temperatures 
of 250C and 150oC. 
To 
use these curses, it is '1ecessarv to know 
the forward 
current 
level just before o:>mmuta· 
tion, 
the 
circuit 
commutation 
di/dt. 
and the 
operating 
junction 
temperature. 
The 
reverse 
recovery test current waveform 
for all Motorola 
fast recovery rectifiers 
is shown. 


From 
stored 
charge 
curves 
versus 
di/dt. 
recovery 
time 
(trr) 
and peek reverse re(X)verV 
current 
(IRMIRECII 
cen be closelyapproxlme- 


ted using the following 
formulas: 


[a 
J 11" 
tn-l."l. 
~ 
d"dt 


I 
TJ ° 25°C 


.•.....•... 


" 


••... 


.......••••.... 


..•.• 


r--r- 


@ MOTOROLA 


SUBMINIATURE 
SIZE, AXIAL 
LEAD MOUNTED 


FAST RECOVERY 
POWER RECTIFIERS 


designed for special applications such as de power supplies, 


inverters, converters, ultrasonic systems, choppers, low RF interfer· 
ence 
and 
free 
wheeling 
diodes. 
A complete 
line of 
fast 
recovery 


rectifiers having typical recovery time of 100 nanosecondsproviding 
high efficiency 
at frequencies 
to 250 kHz. 


The 
Designers 
Data 
sheets 
permit 
the deSign 
of most 
Circuits 
entlrelv 
from 
the 
in- 


formation 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on 
deVice 
character-s- 


ties - are given to facll1tate 
"worst 
case" deSIgn. 


Ratint 
Symbol 
BY396 
BY397 
BY398 
BY399 
Unit 


PMk Aepetilive 
Revene 
Volt. 
"RRM 
Volts 


Working Pe. 
Reverse "allege 
"RWM 
100 
200 
400 
800 
DC Blocking 
Volt., 
VA 


Non.Repetitlve 
Peak Reverse VQltege 
VRSM 
200 
300 
500 
!OOO 
VOlts 


AMS Rewrw 
Volt •• 
"RIRMSI 
70 
140 
280 
560 
Volts 


AyMave RecufHld Forward 
Current 
'0 
3.0 
, 
Amp 


(Smgle phase resistive load, 


TA -9OOC)(11 


Non-Repetitive 
Peak Surge Current 
IFSM 
~ 
100 
, 
Amp 


burge IIPPlied .t r.ted 
10-.1 
(one cvclel 


conditionsl 


Qper.tlng 
end StOf"~ 
JunctIon 
TJ.Tstg . 
-65 
to +175 
. 
°c 
Temper.tun 
Renget2) 


C~.etet'lstIC 
Symbol 
Mu 
Unit 


Therm.1 
Reslst.nCil, 
JunctIon 
to Ambient 
A8JA 
28 
°CIW 
(Recommended 
Printed 
CircuIt BOlM'dMouting, 


See Notf' 6, Pave 81 


ChMee:temttC 
Symbol 
Min 
Ty. 
Mu 
Umt 


Insteoten«MJS 
Forwerd 
Volt. 
vF 
- 
o. 
11 
Volts 


UF - 9 .• Amp. TJ" 
1750C) 


Forward 
Volt. 
VF 
- 
1.04 
1.25 
Volts 


lIF •• 3.0 Amp. TJ" 
250CI 


Revene 
Current 
(reted de volt.) 
TJ •• 25°C 
'A 
- 
20 
10 
.A 


TJ" 
,OOOC 
300 


ChwKt.-istM: 
Symbol 
Min 
Typ 
.... 
Unit 


Aewne 
Aecovwy 
Time 
'" 
n, 


(IF •• 1.0 Amp to VR •• 30 Vdc.F.gure 
251 
- 
100 
200 


Ill="::; 10 mA. IDA::; 
10 mA, 
1 mAl 
150 
400 


Aevwse Recovwy 
Current 
IAMIAECI 
- 
- 
2.0 
Amp 


lIF •• 1.0 Amp to VA •• 30 Vdc. Figurf' 251 


BY 396 SERIES 


FAST RECOVERY 
POWER RECTIFIERS 


100-800 
VOLTS 
3,0 AMPERES 


STYlE 
10 


PIN 1. CATHOOE 
2. ANODE 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0370 
0.380 
I 
4.83 
5.33 
0.190 
0.210 
0 
1.22 
1.32 
0.048 
0.052 
K 
26.97 
7.2 
[i1<2 
IN 


MECHANICAL 
CHARACTERISTICS 
Case: 
Void 
Free, 
Transfer 
Molded 
Finish: 
External 
Leads are Plated, 
Leads are readily 
Solderable 
Polarity: 
Indicated 
by Cathode 
Band 


Weight: 
1.1 Grams 
(Approximately) 
Maximum 
Lead Temperature 
for 
Soldering 
Purposes: 
2400C, 
1/8" from 
case for 10 s 
at 5.0 lb. tension 


180 


~ 


170 


w~ 
160 
=>•... 
~ 
150 
~ 
z 
1'0 
0i 


130 


~ 
120 


I 
'- , 
..•.... 
...•••.... 
I 
R8JA' 
IO.CfN 
..••.•.•. 
..••.•.•. 
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I'.. 
~O.C~ 
...••..... 
...••..... 
....., 
"'- 


..••..... 


.......... ./ I'.. 


"- 


..••.•.•. 


28·C/w/ 
"'- 


"- 
"'- 


....., 


L;>-,. 
I'... 


50·C/W/ 
..•.... 
..••.•.•. 
•..•... 


..•.... 


..•.... 
..•.... 


....., 
....• 


80 
100 
200 
300 
'00 


VR. PEAK 
REVER5E 
VOLTAGE 
(VOL TSI 


When operating this rectifier 
at junction 
temperatures 
over 120°C. 
reverse power dissipation 
and the possibil· 


ity of thermal 
runaway 
must 
be considered. 
The data 
of Figure 1 is based upon worst case reverse pOW'sr and 
should be used to derate TJ(maxl 
from 
its maximum 


valueof 
17SoC. See Note 2 for additional 
information 
on derating for reverse power dissipation. 


When current 
ratings are computed from TJ{maxl and 
reverse power dissipation 
is also included. ratings vary 
with 
reverse 
voltage as shown on Figures 2 thru 5. 
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Current 
derating 
data 
i. 
ba.ed 
upon 
the 
thermal 
response 
data 
of 
Figure 
29 
and 
the 
forward 
power 
dissipa· 


tion 
data 
of 
F igur" 
19 
and 
20. 
Since 
reverse 
power 
dissipation 
i. 
not 
considered 
in 
F igur" 
6 
thru 
11, 
.cIdi· 


tional 
deratin" 
for 
reverse 
voltage 
.nd 
for 
junction 
to 
ambient 
thermal 
resistance 
must 
be 
applied. 
Se. 
Note 
2. 
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~_'1/8" 
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:::".",. 
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r-..... 
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In this rectifier. 
power 
loa 
due to reverse 
current 
is generally 
not 
negligible. 
For 
reli,ble 
circuit 
design, 
the 
maximum 
junction 
temper.ture 
must 
be limited 
to either 
1750C 
or the 
temperature 


which 
(nultsintherm,1 
runaway. 
Proper 
derating 
may 
be accom- 


plished 
by use of equltion 
1 or equation 
2. 


Equltion 
1 
T A • T1 - (175 
- TJ{!Nxl) 
- PR R6JA 


T 1 • 
Meximum 
Allowable 
Ambient 
Temperature 
neglecting 
reverse 
power 
dissipation 
(from 
Figures 


100r 
111 


T JI!Nxl 
• Maximum 
Allowable 
Junction 
Temper. 


ture 
to prevent 
thermal 
runewey 
or 
1750C. 
which 


ever is lower. 
(See FiWoJre1). 


PR 
• 
R8Verse 
Power 
Dissipation 
(From 
Figure 
12 
or 13. adjusted 
for TJ(max) 
as shown 
below) 


R6JA 
•• Thermal 
Resistance. 
Junction 
to Ambient. 


When 
thermlt! 
resistenc 
•• junction 
to embient. 
is o ••••r 2rfJCIW. 
the 
effect 
of thermal 
response 
is negligible. 
Setisfactory 
derating 
may 
be found 
by using: 


Equation 
2 
T A • T J(mexl 
- IPR + PF) 
R6JA 


PF •• Forw ••.d Power 
DiSSipation 
(See F '\lures 
19 & 20) 


Oth ••..terml 
defined 
abow. 


The 
r••••erse 
power 
gi••••n on 
Figures 
12 and 
13 is calculated 
for 


T J '" 1S00e. 
When T J is lower. 
PR will decrease; 
its ••••lue can be 
found 
by multiplying 
PR by the normalized 
r•.••erse curr.nt 
from 
Figure 
14 It the temperlture 
of interest. 


The 
rev ••..se po_~r 
data 
is ca/cul.ted 
for half 
wave 
rectification 
circuits. 
For 
full 
w •.••e rectIfication 
using 
either 
a bridge 
or • 
center·tapped 
transformer. 
the 
deta 
fOr relisti •••e loads 
is equi •••• 
lent 
when 
Vp is the 
line to line voltage 
across 
the rectifiers. 
For 
clPaciti 
••••loads. 
it is recommended 
that 
the dc C8$4l 
on Figure 
13 


be used. 
r.rdless 
of input 
w ••••eform. 
for 
brIdge 
circuits. 
For 


capeciti 
••••ly 
loaded 
full 
wave 
cent ••.·tapped 
circuits. 
the 
20:1 
deta 
of 
Figure 
12 should 
be uled 
for 
sine wa •••e inputs 
nd 
th. 
capacitive 
load 
data 
of Figur. 
13 should 
be used for square 
w ••••• 
inputs 
re;ardless 
of I(pkl/l(av). 
For 
the •• two 
cases. 
Vp is the 


voltage 
across 
one leg of the transfo,mer. 


Example 
1 
Find maximum 
ambi.nt 
temperature 
for IAV· 
2 A. 


capaciti •••• lo.cl of 
IpK/lAV 
• 20, 
Input 
Voltage 
- 


60 
V (rmsl, 
sine 
wav., 
RBJA 
•• 280CIW. 
half wave 
circuit. 


Iusing 
Equation 
11 


Find 
Vp; Vp" 
J2 Vin '" 85 v. VR(pkl 
'" 170 


~~1oZJ(maxl 
from 
Figure 
1. 
Read 
TJ(max) 
- 


~i~d.Pr~~x) 
from 
Figur. 
12. 
Read 
PR 
- 
360 


Find 
IR normalized 
from 
Figure 
14. 
Read IRlnorm) 
•• 1.5 


Correct 
PR 
to 
TJlmax)' 
PR 
"" IR(norm) 
x PR 


(Figur. 
12) PR •• 1.5 x 360·540 
mW 


Find 
TA· 
T1 from 
Figure 
10. 
Read 
T,-94oC 


Compute 
TA from 
T A'" 
Tl 
. (175· 
T J(max) 
- PR RBJA 
T A ""94 • 1175 - 1571 . (0.541 (281 


TA "" 610C 


Find 
PF from 
Figure 
19. 
Reed 
PF • 3.0 W 


Compute 
T A from T A ""~ J(maxl' 
(PR + PFI RSJA 
T A • 197 - (0.54 
+ 3)28 
TA" saoc 


The discrepancy 
occurs 
because 
thermal 
response 
is factor.d 
into 
solution 
1. and 
advantage 
is tak.n 
of the 
cooling 
time 
after 
the 
power 
pulse 
and 
before 
r••••••rse 
•••olt • 
.-:hieves 
its maximum. 
610C 
is a satisfactory 
ambi.nt 
temperature. 


FIGURE 
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REVERSE 
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FIGURE 
13 - 
REVERSE 
POWER DISSIPATION. 
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FIGURE 
19 -'FORWARD 
POWER DISSIPATION 
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Reverse recovery time 
IS the period which elapses from the 
time that the current, thru a previously forward 
biased rectifier 


diode. 
passesthru 
zero going negati'lely 
until the reverse current 
recovers to a point which is lessthan 10% peak reverse current. 
Reverserecovery time is a direct function of the forward 
current prior to the application 
of reverse voltage. 


For Iny given rectifier. 
recovery time IS very circuit 
depend- 


ent. 
Typical and maximum recovery time of all Motorola fast 


recovery 
power reetifiersare 
rated under a fixed set of conditions 
using IF •• 1.0 A, VR = 30 V. 
In order to cover all circuit 
conditions, 
curves are given for typical recovered stored charge 
versus oommutation 
di/dt 
for various levels of forward current 
and for 
junction 
temperatures 
of 
25°C, 
75°C, 
1ocflc, 
and 
150"C. 


To use these curves, it 
IS "ecessary to know 
the forward 
current level just before commutation, 
the circuit commutation 
dildt, 
and the operating junction 
temperature. 
The reverA re- 


covery 
test current 
waveform 
for all Motorola 
fast recovery 
rectifiers is shown. 
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From 
stored charge curves versus di/dt, 
recovery 
time (tr,) 
and peak reverse recovery current 
(IAM(AEC)) 
can be closely 
approximated 
using the following 
formulas: 


trr"" 1.41 x[ ~A 1 


1/2 


do/d'] 


IRMIRECI" 
1.41 x [QR x dild'] 
1/2 


f--- f-iJ' 
2SJC 
Vfr-l.l 
V 


1/ 


./ V 
/" 
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~ 
If, 
-- 


VI, 
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I , I ,- 
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JOll 
SOW 
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UNDER 
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III 
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.O •.•F 
300 V 


A - TEKTRONIX 
5454, 
K PLUG IN 
PRE·AMP, 
P6000 PROBE 
OR EQUIVALENT 


RI 
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ADJUSTED 
FOR 
1.4nBETWEEN 


POINT 
2 OF 
RelAY 
AND 
RECTIFIER 


INDUCTANCE 
"" 3I~ 


R2 - 
TEN·' 
W. 10 n. 1% CARSON 
CORE 


IN PARALLEl 


TA. 
25 ~lgoC 
FOR 
RECTIFIER 
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t. TIME lms) 


To 
determ,ne 
mea,mum 
I•.•nct,on 
tem~r'lur. 
01 
th. 
<hod. 
In a g,l/en 
"lUetlon, 
the 
follOWIng 
procedure 
;$ re<::ommended 


Th. 
temp.,uur. 
of the 
teed 
should 
b. 
m~u'ed 
USI09 • 


1he,moco 
•.•ol. 
placed 
on 
th. 
lelld 
as CIOH .s 
pOl$'ble 
to 
the 
ue 


po,nt 
The 
1h••.mel 
me" 
conn-.ctw 
to 
the 
1•• po,nt 
" normall., 
I.rge 
enough 
so that 
.t 
wIll 
not 
,.gn,f";enll., 
respond to 
heat 
$""9.' 
.,.nerated 
In 
the 
dIode 
a, 
• 'esull 
of p •.•l~ 
OO."I,on 
onc. 


needy·stete 
condItIons 
at. 
-.ch'tlv-.;;l 
Us;."" 
the 
m.~ured 
.•.•1•.•• 
of TL. 
the 
lunct10n 
,-.np.relu'. 
m • ., b. 
determIned 
by 


TJ.TL· 
•.•TJL 


••••.••••..• 
T JL 
.s the 
,,'cr.ase 
on luncuon 
ternpol'.lu'. 
ebo_ 
the 
l-.d 
~P'I'.tur 
•. 
It me •••b<Id.t.,m,~ 
by 


Use 
of 
th. 
-.bo". 
model 
oe.mllS 
lunctlon 
to 
l-.d 
the.me. 
.-.slstence 
for 
eny 
mountmg 
confogu 
•• lOon 
10 b. 
found. 
Fo, 
e 


gi ••.•n tOtel 
leed 
length, 
low.st 
•••.•Iues 
occur 
wh.n 
on. 
S'd' 
of th, 
rectlfi.r 
'S brought 
IS elo_ 
u possible 
to the 
h•• t ,in ••.. T,rms 
in 
the 
model 
s'gnify. 


T A .• Amb'ef'lt 
T..-npe<'etur. 
Res" 
Th.,m.1 
R~in.nc.. 
Heat 


S,n'" 
to 
Amb,.nt 
T L • L.ed 
T..-npefetu,. 
AeL 
• The.m.1 
R~.nene 
•. 
L'ed 
10 Heat 
Sll'>'" 
TC • C.,. 
Temp ••• ture 
R9J· 
Thermal 
Raos'U.nc., 
June 
t,on 
to Caw 
TJ" 
Junct.on 
T.mp 
•• etu" 
PO" 
Totel 
Pow., 
O'U'o.lion 
• 


PF 
• PR 


PF 
.• FOt"we.d 
Pow •• 
0,ss'0&1IOn 
PA 
• R• ."..... 
Pow •• 
0'''''0&1IOn 


ISubscroon 
A and 
K •• fe. to anode 
and 
~"lkode 
~,~ 
.~t, 
••.•ly I 
V.lue'S 
for 
tharm.l 
'&'Slst.nce 
componenn 
.re 


ReL 
·460C/W/IN. 
TypicallY'nd 
qOC/W/IN 
Me"imum 


At9J 
• 100C/W 
Typ.cally 
.nd 
160CIW 
M.",mu'" 


Th' 
m,,.,mum 
I.ed 
IWnpef.lu,. 
may 
be 
found 
., 
follows 


.:.TJL c.n 
b' 
'PO.o,.,meted 
as follows 


.:.TJL::::: 
R9JL 
• PO. 
Po 
IS the 
sum 
of 
forward 
and 
._ 
po_. 
d'~p'hon 
shown 
in Fogu.es 


2 
.nd 
4 
for 
sine 
w ••••• oO""et,on 
and 
Fi9u,," 
3 


and 
5 for 
'Squ••• 
w•••.• Opef.toon. 


where rltl" 
nor ma irzed value of transient 
thermal 
resistance 
at 
timet 
from 
Figure 
28,i.e.: 


r(tl 
•. topl 
.• 
nonneUftd 
" •• ue of tt'ensient tf\4It",_t,.....t~_.1 


1,",",1,' 
1p. 


~ 


PPk 
Ppk 


tpr-"--1 
TIME 


DUTY CYCLE· 
lplll 


PEAK 
POWER. 
Ppk. 
is peak of an 


equivalent 
square 
PO'Mf pulse. 


Oet. 
shown 
lor 
th •• m.1 
r."n.nc.jUnet,On·to-.mb 
•••.•t 1Rt9JA) 


IOf the 
mount,,., 
shown 
" 
to b' 
uwet 
., 
IYOic.1 9u,d,"ne 
••••Iuft 


lor 
prellm,nary 
,,.on, 
•• ,"'9 or 
on c_ 
th. 
t,. 
point 
temp ••• tur. 


cannot 
be m •• su.ed 


MOUNTING 
LEAD LENGTH 
L (IN) 


METHOD 
'/8 
I 
11. 
)In 
I 
3/4 
"oJA 
, 
0 
, 
W 


3 
2. 
CIW 


tl-j 
r'=:j 


l/IJ~/IU 


MOUNTING 
METHOD 
2 
VectOf Pin Mounti •• 


JIIc;I: 


® MOTOROLA 


SUBMINIATURE SIZE. AXIAL 
LEAD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


: .. 
designed 
for special applications 
such as de power 
supplies. 


Inverters, 
converters, 
ultrasonic systems, 
choppers, low RF inter- 
ference and free wheeling diodes. A complete line of fast recove- 
rv rectifiers 
having typical 
recovery time of 200 nanoseconds 
providing high efficiency 
at frequencies to 250 Hz. 


DESIGNER'S 
DATA 
FOR "WORST 
CASE" 
CONDITIONS 
The 
Designers 
Data Sheet 
permits 
the design 
of most circuits 
entirely 
from 
the 
informatton 
presented. Limit 
curves - representing dev;c.e characteristic 
boun- 
daries 
- are given to facilitate 
.,worst 
case" design. 


Ratings 
Svmbol 
BY 406 
BY 407 
Unit 


Peak Repetitive Reverse Voltage 
VRWM 
Volts 


Working Peak Reverse Voltage 
VRRM 
350 
600 


VR 
Volts 


DC Blocking Voltage 
300 
500 


Average Rectified 
IF(AVI 
Forward Current (Single phase. 
••• 
O,B 
~ Amp 
resistive toad, TA = 750 C) 


Non-Repetitive 
Peak Surge 
'FSM 
20 
Amps 
Current (surge applied at rated load 
••• 
~ 
conditions) 
(TA" 750 C) 


Operating Junction 
Temp. Range 
TJ 
••• 
-65 to +150 
~ 
°C 


Storage Temperature 
Range 
T". 
••• 
-65 to +175 
~ 
°C 


Characteristics 


Thermal Resistance. Junction 
to Ambient 
(Typical Printed Circuit Board Mourning) 


Characteristics 
Svmbol 
Min 
Typ 
Max 
Unit 


Forward Voltage 
VF 
1,1 
Volts 
(IF = 2,0 Amp. TA = 25 Grad CI 
1,55 


Reverse Current (rated de voltage) TA - 
250 C 
IR 
- 
1.0 
2,0 
~A 
TA = 1250 C 
125 


Characteristics 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Recovery Time 
t" 
300 
ns 
(IF = 10 mA to VR = 50 V 
- 
150 


BY 406/407 


FAST 
RECOVERY 
POWER RECTIFIERS 


350/600 VOLTS 
0.8 AMPERE 


I 
K 
- 
0 
L=3 


CATHOOE1 
1 


BANO 


K 


I 
I 
.__ ._-1 


MILLIMETERS 


DIM 
MIN 
MAX 
A 
5.91 
6.60 
I 
119 
3.05 
o 
016 
086 
K 
1194 
• 


INCHES 
MiN 
MAX 
0135 
0.160 
0110 
0110 
0030 
0034 


I 100 


CASE: 
Void Free. Transfer Molded 


FINISH: 
Externalleaets 
are tin plated. 
leads are readily solderable 


POLARITV: 
Cathode 
indicated 
by 
Polarity band 


WEIGHT: 
0.4 Grams IApproximately) 
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FIGURE 
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FORWARD 
POWER 
DISSIPATION 
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FIGURE 
6 - 
EFFECT 
OF LEAD 
LENGTHS, 
RESISTIVE 
LOAD 
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FIGURE 
10 - PRINTED 
CIRCUIT 
BOARD 
MOUN riNG. 
VARIOUS 
LOADS 
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FIGURE 
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EFFECT 
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LENGTHS, 


RESISTIVE 
LOAD 


..•........ 
"- 
I 
t-.... 
..••••••••.. 
2 0 '0 


" 
de 
~O 
....••.••..•.• 
10~ 
"'- 
f--IIP~ 
"'- 
f--'IAVI'2O 
...•.•.... 


:::-.... 
.....•. 
....•• 
"'-."': 
.....•. 


~ 
.., 
....•. 
~ 
" 


ii: 


~ 
24 


~B 
2.0 


~ 
16 
"~ 
_ 
1.2 


'" 
~ 
0.8 
>":; 
0.4 


~ 


BO 
90 
100 
110 
120 
130 
140 


TL. LEAD TEMPERATUREloCI 


FIGURE 
9 - 
3.18 mm LEAD 
LENGTH, 
VARIOUS 
LOADS 
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CYCLE. 
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Ip_ 
PEAK POWER, Ppk. IS peak of an 
equ'Yllenl~uarepowrfpulse. 


TIME 
~,,-----J 


To delermmem'lIlmum 
lunCI.on lempef,uuff 
of the dIode In il g•.••en s,tuilton, 


the follow,"!! 
proctdure 
,s recommended 


The 
temperllure 
of the 
case should 
be mfiJSured 
usmg 
a thermocouple 
plactd 


on 
the 
case 
as clow 
as poulble 
10 the 
fie POint 
The 
thermal 
mass 
connKted 
10 
the 
tie pOint 
IS normally 
largt 
enough 
so that 
11WIll nOI sltjJl"hcanlly 
respond 
10 


hu' 
SUlllts generilted 
In ('II: diode 
u 
a rtsoll 
01 pulstd 
optrilllon 
anu 
s1lady 


state 
conditIons 
art 
IChi.vtd. 
Usmg 
th, 
m"sur.d 
value 
of fe. 
the 
junction 
temperature 
may be determIned 
by 


TJ=TC+.:.TJC 


where':' 
TJC IS the ,ntruse 
,n JunctIon 
IfmptraluU~ 
above 
the case Ii!mpefaturt 


II may 
be delefflune(i 
by 


t:J T JC • Ppk 
. RfUC [0 + tI 
• 0) 
. rill 
+ tpl 
+ tftpl4 
rlq)] 


whlre 


rlt) 
" normalized 
value 
of lfanSlent 
thermal 
resIStance 
aillme. 
I,!rom 
FlqUfe 
12,i.l. 


r (11 + t,) " nOfmahlid 
value 
of 
trans.enl 
thermal 
reSIStance 
at lIme 
t I + tp 


Uw of the ~bo .•.•model Qltf"m,u lunctlon 
to Iud 
lhermal rei'illinCe fO'" 


any mounton9 O?nf'9UfatlOn to bit found 
For II9'.•.•n lotal lead I.ngth, 
Ioweil 
.•.•luet occur 
.•.•.t\en one t,d. 
of the rtctlf,af 
It brOU9hl III claw IIi 
pou,bla 
to the hUl ilnk. 
Termt on the mod.l t'9n,fy 


3.18 
6.35 
9.5 
12.7 
15.9 
19.1 
22.2 25.4 


LEAD 
LENGTH 
(mm) 
FIGURE 
13 - 
THERMAL 
RESISTANCE 


Oala 
shown 
tor 
thermal 
tlNStancl 
junction·to·ambient 
(8JA) 
tor 
the 
mounllngs 
shown 
1$ to be uad" 
lypical 
guldilin. 
v,luts 
tor 
prel,mlnary 
enginelt"ing 
or in case 
the 
tie pOlnl 
temperature 
Clnfll)t 
be mlnured. 


TYPICAL 
VALUES 
FOR 'JA 
IN STILL 
AIR 
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P.C.801rdwlth 
~, ~{J'~~""~' 
~ 
.•.. "S1= 
Pl•••• 


TA.• Amb ••nl Tampeflltur. 
RIS· 
Thermal Rat'ttlnea. 
Hut 
Sink. to Ambient 


Tl- 
Lud T.mpet.cura 
R,L- 
Thefrnal R.tlu.na,lnd 
to H•• tSinll 
TC· Ca•• Temperatur. 
R'J- 
Thermal Rft,n.nu. 
JunctIOn toc... 
TJ - Junction 
T.mpef.t.... 
'0· 
Power O,ulpatlOn 


lSubla,p(t 
A and K r.ter to anode and othode 
, ••.• rnpec1lwely.l 
Val~ 
tor th.,mal 
'"'it.nce 
comporwntt 
••. 


R'l· 
1tZOCfWIIN. TYP.alllyand 
12f!PCMIIN 
Maximum 
RSJ" 
1SOCIWTyplcally.nd 
'JtPCIW 
M.,llImum 
The ",•• ,mum 1t-.cII.mper.h .••.•Ny 
be c.lcu"-tad 
H follow.: 


Tl- 
15CJD-61Jl 


61 JL on be Clku"'ed 
H shoWfl 
'" NOTE 
1 Of It "'Iy be .pprOIUlnltMt 
.ifo~· 


6 TJl 
•• R8 Jl • PF. 'F 
mey be 'Ofmv"-" 
'Of Ii,..· •• .,. op«.tlOn 
from 
F..". 
J or from Flqur. 4 for squer•.• 
_ o,*,ttton. 
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FIGURE 
16 - 
JUNCTION 
CAPACITANCE 
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FIGURE 
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FIGURE 
18 - TJ. 
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FIGURE 
20 - 
T J. 
15o"C 


JOn 
sow 
"-ON ''''OUCTtvE 


UNIT 
UJlIOER 
TEST 


MINIMIZE 
ALL 
LEAD 
LENGTHS 


A - TEKTAONOI. 
SotS"', 
K PlUG 
IN 
R2 
_ TEN 
I W, 10 U. ' •••CARBON 
CORE 


PRE 
AMP, 
P6000 
PROBE 
OR 
EQUIVALENT 
IN PARAllEL 


ReYefM recovery 
time 
" the 
perIod 
wtuch ,lap., 
from 1M 


time that 1he current. 
thfu. 
previously 
'Of"fWfd 
billied recti"., 


diode, j»foIU tMu zero9OinOnee-ti~IV 
until the r.~. 
current 
r«oven 
to • point whIch i"ess 
tNn 
10% peak ,.wne 
current. 
ReYff. 
recoYet"VtIme II • direct funct.on of the forWftrd 
current 
prior to the epphc;ltlOn 
of rever. 
volt •. 


For any g,ven rectifier. 
recovery 
time ,s very circu.t 
depend· 


~t 
TyplGIIIa'\d maxImum recovery t'me of ell Motorol, fut 


recovery 
pOWe'f recti, ••r ••• 
rated 
under. 
'.wed.' 
of ocu'ld'llOnl 
US1nll IF" 
10 mA VR = 50 VA. 
In order to cover all c,raHt 


oond.t.o",. 
curves 
.re 
!I,ven for typial 
reoove'fed stored ch•• 


V"'SUI commutatIOn 
d"dt 
for V.'OUI 
levels of forward 
current 


8f1d 'or 
,unct'on 
temperatures 
0' 
2SoC. 
7SoC. 
l000C. 
and 
ts""C, 


To use 
these 
cUUM. 
,t 
IS nteessarv 
to 
know 
th. 
'orward 
curr.nt 
leYel just be'or. 
commu~tion. 
the circuit 
commutation 


di/dt. 
and 
the operating 
junction 
temperature, 
Tha reYer•• r. 
cov.,v 
t"t 
currant 
w~aform 
for 
all Motorola f.., reco"",,v 


ractifiers 
is shown. 


59 Vdc 


CONSTANT 
VOLTAGE 


SUPPLY 
• 


'1,n 
lOW 
NON 
INOUCTIVE 
Cl 
10 ••F 
JOO V 


10 mAde 
FROM 


CONSTANT 


VOLTAGE SU"l 
v 


AIPPLE - J mV.ml 
MAX 


Al 
- AOJUSTEO 
FOR 
14 
n8ETWEEN 


POINT 
2 OF AHAVANO 
RECTIFIER 


INDUCTANCE'"' 
lll •.•H 


From 
stor~ 
charge 
curVfl 
versus 
d"dt. 
recovery 
tima 
It,,! 
a'ld 
peak 
reverM 
rkoyerV 
current 
(lRMIRECI) 
can 
be clo •• ly 
approlll.,m,.tKl 
usong the fOllow,ng 
'ormulas 
TI 


.lOvTIc 
iT/I 
60 Hi 


11 
[a] 
1/2 
trr·l.l.~ 
d,/dt 


Rl-SOOhml 
A2' 
2SO Ohf"l~ 


01 -lN41ll 
02· 
lN40Q1 
03 - lN4934 
SCR1· 
MCRn9 
10 
CI-OStoSO 
•.•F 
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fl-1! 
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FIGURE 
23 - TYPICAL 
REVERSE 
LEAKAGE 
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TJ. JUNCTIONTEMPERATUREI'C' 


FIGURE 
24 - 
TYPICAL 
REVERSE 
LEAKAGE 


® MOTOROLA 


SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 


FAST RECOVERY 
POWER RECTIFIERS 


designed for special applications such as de power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence 
and 
free 
wheeling 
diodes. 
A complete 
line of fast 
recovery 
rectifiers having typical recovery time of 100 nanosecondsproviding 
high efficiency 
at frequencies 
to 250 kHz. 


The 
De!)lgners 
Data 
sheets 
perm,t 
the desIgn 
of 
most 
CirCUits entirely 
from 
the 
in- 
formation 
presented. 
Limit curves 
- 
representIng 
boundanes 
on device 
characteris- 


tICS - 
are given 
to facilitate 
··worst 
case" 
desIgn. 


~.ting 
Symbol 
BY 500- 
BY 500- 
BY 500- 
BY 500- 
Unit 
100 
200 
400 
600 


P•• k RepetitIve 
Revene 
Voltage 
VARM 
Volts 
WorkingPuk A.vane 
Volt. 
VRWM 
100 
200 
400 
600 
DC Blocking 
Volt. 
VR 


Non-Repetitive 
Peak R.vene 
Voltage 
VRSM 
150 
250 
450 
650 
Volts 


RMS R•••••,. 
Volt. 
VRIRMSI 
70 
140 
2BO 
420 
Volts 


Av••.• 
RltCtlfied Forwwd 
Current 
'0 
5,0 
0 
Amp 
(Single ph.~ 
resistive load. 
TA' 
25° C) 111 


Non-R~titi 
••••Pe_ 
SurgB Current 
'FSM 
0 
200 
. 
Amp 


(surgB~lied 
at rated la.;t 
(one cVcle) 
conditlonsl 


Operating 
and Starege Junction 
TJ.Tstg 
-65 to +175 
0 
°c 


Tempet"ature 
Range (2) 


Ch_Kt 
••.isti<: 
Symbol 
M•• 
Unit 


Th ••.mal Resistance, 
Junction 
to Ambient 
R8JA 
28 
°CIW 
(RKommenc:ted 
Printed 
C"cuit 
Bo_d 
Mouting, 


See Note 6. Pave 81 


cn.ac1eris1ic 
Symbol 
Min 
Typ 
M•• 
Unit 


Forward 
Vottege 
VF 
- 
1.04 
1.25 
Volts 


!IF" 
3.0 Amp. TJ" 250CI 


RIW4IfWCurrent 
l,..ted 
de voltagel 
TJ ,. 250C 
'R 
- 
2.0 
10 
"A 


TJ" 
I000C 
300 


ChM'llc:tw1stic 
Symbol 
Min 
Typ 
Mo. 
Unit 


R ••••• 
R~ 
Time 
tn 
n. 


HF -1.0ArnptO 
VR· 
30 Vetc.F •• ,.. 251 
- 
100 
200 
(IF· 
15 Amp. di/dt· 
10 A/,a. Figure 261 
- 
150 
300 


R..,... 
R.covery 
CUlT8nt 
IRMIRECI 
- 
- 
2.0 
Amp 
(IF - 1.0Ampto 
VR" 
JO Vde. Figure 251 


BY 500 SERIES 


FAST RECOVERY 
POWER RECTIFIERS 


100-600 
VO LTS 
5 AMPERES 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.6~ 
11310 
0.380 
I 
4.83 
~.33 
0.190 
0.210 
0 
1.22 
1.32 
0.048 
0.052 


K 
26.91 
27.23 
1. 
2 
1.1 


MECHANICAL 
CHARACTERISTICS 
Case: 
Void 
Free, 
Transfer 
Molded 
Finish: 
External 
Leads are Plated, 


Leads are readily 
Solderable 
Polarity: 
Indicated 
by Cathode 
Band 


Weight: 
1.1 Grams 
(Approximately) 
Maximum 
Lead Temperature 
for 


Soldering 
Purposes: 


2400C, 
1/8" from 
case for 10 5 


at 5.0 lb. teneion 
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VOLTAGE 
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When operating this rectifier 
at junction 
temperatures 
over 1200C, 
reverse power dissipation and the possibil· 


ity of thermal runawoay must be considered. 
The data 
of Figure 
1 is based 
upon 
worst 
case reverse 
power 
and 
should be used to derate TJ(max) from 
its maximum 
value of 17Soe. 
See Note 2 for additional 
information 
on derating for reverse power dissipation . 


When current 
ratings are computed from TJ(max) and 
reverse power dissipation 
is also included. ratings vary 
with reverse voltage as shown on Figures 2 thru 5. 
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Current d••.•ting d.t. 
i. bated upOn the th••.m.1 respon•• data of 
Figure 29 and the forw.rd power diaip.- 


tion d.ta of Figur" 19 .nd 
20. 
Since rever•• pow••. dillip8tion i. not consid ••.~ 
in Figur" 6 thru 11, addi- 


ttOn.1 d••.ating for rev••.•• yoltage .nd for junction to .mbient th.rmal r"istance mutt be .ppli~. 
See Note 2. 
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In this rectifier. 
power 
10D due to reve,.. 
current 
is generally 
not 
negliliJible. 
For 
relilt>le 
circuit 
dnign, 
the 
maximum 
junction 
temperature 
must 
be limited 
to either 
1750C 
or the temperature 
which [aults in th.m.r 
runaway. 
Proper 
derating 
may be accom- 


plished 
by u. 
of equation 
1 or equation 
2. 


Equetton 
1 
TA -Tl- 
(175-TJ(maxl) 
-PR 
RSJA 


T 1 - 
M.ximum 
Allow-tll. 
Ambient 
Temperature 
neglecting 
r••••.,.. 
power 
diDipation 
(from 
Figures 
1001' 
111 


TJ(max) 
- Maximum 
Allowable 
Junction 
Temper. 
ture 
to pr •••••nt thermal 
runaway 
or 
1750e, 
which 
•••••risl~. 
(See FitlJr.11. 


PR 
- 
R••••.,. 
Power 
DiDipation 
(From 
Figure 
12 
or 13.lldjusted 
for TJ(max) 
as shown 
below} 


RSJA 
- Thermal 
Rwnance, 
Junction 
to Ambient. 


When 
therm~ 
resistanu, 
junction 
to ambient, 
is OV8r 200CIW, 


the 
effect 
of thermal 
rnpon. 
is nll'gligible. 
Satisfactory 
derating 
may be found 
by using: 


Equation 
2 
TA - TJlmax) 
- (PR + PFI R9JA 


PF - Forward 
Power 
Diuipation 
(See FIgures 
19 & 20) 


Other 
terms 
defined 
~ve. 


The 
rever. 
power 
given 
on 
FitlJres 
12 and 
13 is calculated 
for 
T J ., 1SOoe. 
When TJ is lower, 
PR will decrease; 
its value can be 
found 
by multiplying 
PR by the normalized 
reverse 
current 
from 
Figure 
14 at the temperature 
of interest. 


The 
r••••erse 
pOWl!r data 
is calculated 
for half w•.••e rectification 
circuits. 
For 
full 
w ••••e rectification 
using 
either 
a bridge 
or a 
center-t~ped 
transformer, 
the 
data 
for 
resistive 
loads 
is equiva- 


lent when 
Vp is the 
line to line voitage 
across 
the rectifiers. 
For 
capacitive 
loads, 
it is recommended 
that 
the dc case on Figure 
13 
be used, 
r.rdleu 
of input 
waveform, 
for 
bridge 
circuits. 
For 


~itively 
loaded 
full 
wave 
center-tapped 
circuits, 
the 
20: 1 
data 
of 
Figur. 
12 should 
be ullld 
for sine wave 
inputs 
and 
the 
capacitive 
load data 
of Figure 
13 should 
be uled 
for 'Cluar. 
wave 
inputs 
regardl •• 
of l(pkl/ll 
••••l. 
For 
theta 
two 
cases. 
Vp is the 
VOlt. 
ecross 
on. 
lev of the tr.nsformer. 


Example 
1 
Find m.ximumambient 
temperature 
for IAV - 2 A, 
capacitive 
laid 
of IPK/IAV 
- 20, 
Input 
Volt. 
- 


60 
V Irms). 
sine wave, 
RSJA 
- 2SOCfW. h.lf 
W~ 
circuit. 


(using 
Equation 
H 


Find Vp; Vp" 
J2 Vin" 
85 V, VRlpkl 
- 170 


Find 
TJlm.x) 
from 
Figure 
1. 
Read 
TJlmax)" 
1570e 


~i~d:rJj6~J(1 
from 
Figure 
12. 
Read 
PR 
- 
360 


Find IR normalized 
from 
Figure 
14. 
Read IAlnorml 


- 1.5 


Correct 
PA 
to 
TJ(m.x)- 
PR 
- 
IR(norm) 
x PR 
(Figure 
12) PR - 1.5 x 360 
- 540 mW 


Find 
TA 
- T1 
from 
Figure 
10. 
Re.d 
Tl-94oe 


ComputeTA 
fromTA" 
T" 
(175 
·TJlmaxl- 
PR R6JA 
T A" 
94· 
(175 
- 157) - 10.54)1281 
TA" 
610e 


~ 
w 
~ 


~~ 
500 
>_ 
JOO 
~ 
~ 
200 
w;:: 
CJ 4( 
100 
.. ~ 
~~ 
~Ci 


2 


;( 
103 


-"•...z 
w 
2 
~~ 102 
=> 
u~~ 
w 
2 
~ 
101 


<E 


2 


100 


5 
0 


Find PF from 
Figure 
19. 
Read 
PF - 3.0 W 


Compute 
T A from T A = T JlmltKl . (PR + PFI R6JA 
TA" 
157·10.54 
+ 3128 
TA = saoe 


The discrepancy 
occurs 
because 
thermal 
response 
is factored 
into 
solution 
1, and 
advantage 
is taken 
of the 
cooling 
time 
after 
the 
power 
pulse 
and 
before 
reverse 
voltage 
achieves 
its maximum. 


610e 
is a satisfactory 
ambient 
temperature. 
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FIGURE 
13 - 
REVERSE 
POWER DISSIPATION, 
SQUARE 
WAVE 
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FIGURE 
19 - 
FORWARD POWER DISSIPATION 
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Reverse 
recovery 
time 
is the period 
which elapses from the 


time that the current. thru a prevtously forward biased rectifier 
diode, 
passes thru zero going negatively 
until the reverse current 
recovers to a point which is lessthan 10% peak reverse current. 


Reverserecovery time is a direct function of the forward 


current prior to the application 
of reverse voltage. 
For any given rectifier. 
recovery time is very circuit depend- 
ent. 
Typical and maximum recovery time 
of all Motorola fast 
recovery power rectifiers are rated under a fixed set of condi tions 
using IF "" 1.0 A. VR "" 30 V. 
In order to cover all circuit 


conditions. curves are given for typical reoovered stored charge 
versuscommutation 
di/dt 
for various levels of forward current 


and for junction 
temperatures of 
250C. 750C. 
10CJ"C.and 
15O"C. 


To use these curves. it is necessary to know the forward 
current level just before commutation. the circuit commutation 
di/dt. aod the operating junction 
temperature. 
The reversere- 


covery test current waveform for all Motorola 
fast recovery 


rectifier. i.shown. 
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From stored charge curves versus di/dt. 
recovery time (trr) 


and peak reverse recovery current (IRMIRECl) 
can be closely 
approximated using the following formulas: 


[OR] 
1/2 
trr'" 
1.41 x di/dt 


'RMlRECI 
: 1.41 
x (OR 
x di/dt) 
1/2 
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INDUCTIVE 
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TEST 
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I, TIME (""I 


T•.•• ~mp.'.'ur. 
of m. 'e«t 
should 
be 
m-.sured 
usin9 
a 


thermocouple 
plee::.d 
on 
the 
le«t 
n c10M .'1 pOGible 
to "the tie 


po,nt. 
The 
t"'wm.1 
mass 
connected 
to 
the 
to. point 
''1 normally 
l.r~ 
anou9h 50 that 
it 
will 
not SIgnificantly 
respond to h•• ' 


sur9.' 
9fila'ated 
in the diode.s 
• f~1t 
of pulMd 
op4ra,ion 
one. 


st.-dy-na,a 
conditions 
.r • .chi."ed. 
Using 
the 
m_ured 
•••lua 
of TL_ the 
junction 
t..-npet"etu'. 
may 
be determined 
by: 


TJ-TL+4TJL 


••••.••r. 
to T JL 
,$ m. 
incr •• se 
in lunct,on 
t-.npe.etur. 
M)O_ 
the 
leed 
~pe 
•• tur •. 
It may 
be datarmin.c;l 
by 


4 
TJL 
- 
Ppk 
• RSJL 
10" 
(I 
- 01' 
fltl" 
tpl 
+ 
.ltpl 
- fit,)] 


UN 
of m. 
Ilbo ••• modal 
permit'S 
junction 
to 
l.ad 
tnfima' 
~in.nc. 
for 
any mounting 
configuration 
10 be found. 
Fo•• 
gi_" 
tOUI 
Ieed 
'a"'9th, 
t~t 
",.lues 
oc;eur 
wh.n 
On41s~ 
of 
th40 


reetifi40r 
is brought 
.s 
clo_ 
as possible 
to 
the 
ne.t 
sink. 
T.rms 
on 
th40 mod.l 
s~",fy; 


T A •• Ambient 
Tempow.tur4o 
ROS '"' Th.rm.l 
Resin.nee. 
H •• t 


Sink 
to 
Amb'4ont 
T L •• L..o 
TemQ+r.tur. 
R6L 
•• Th."".1 
R_in.nee. 
L.ed 
to H •• t Sink 
TC 
•• C •• 
T.rnper.tur4o 
R6J" 
Ther-m.l 
Res,n.nee. 
Junc· 


tion 
to 
C.se 
T J •• Junction 
Temper.tur4o 
Po 
•• Tot.' 
Pow.r 
O'ssip.tion 
'"' 


PF" 
PR 
PF 
'"' Forw.rd 
Pow4or 
Oi.ip.tion 
PR 
•• R._ 
P_r 
Oissi~tion 


ISubscflpn 
A.net 
K r.f.r 
to .nod 
•• 
nd qthod. 
sio.s 
respec;t,_ly.1 


V.lues 
tOi' tnerm.' 
resist.ne. 
eornponenn 
•••• : 


R6L 
•• 460C/WIlN. 
T.,piqlly.nd 
UOC/W/IN 
"" •• imum 
R6J 
•• 100C/W 
Typicall.,.nd 
160CIW 
"" •• imum 


Th. 
m •• 'mum 
"ed 
ten'lJMlf.tur4o 
m • ., be 
found 
.s 
follo_: 


TL"TJlm 
•• 1-4TJL 


4TJL 
e.n 
b •• 
ppro.im.~ 
as follows: 


6T JL 
::::::RBJL 
,PO. 
Po 
is the 
sum 
of 
forw.rd 


IlOd r_ 
po-r 
dissip.tion 
Voown 
in F;gu,. 


2 
.nd 
•• for 
,i,.,. 
..,._ 
oper.tion 
.nd 
F '9ures 
3 


end 5 for $qu_ 
W._ 
OP'W.tion. 
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PPk 
Ppk 


tpr-11---j 
TIME 


DUTY CYCLE "pill 
PEAK POWER, Ppk. is peak 01 an 
equivalent 
square 
power 
pulse. 


O.t. 
,hown 
10' therm.1 
r4os'st.ne. 
junctton·to·.mbi.nt 
IR8JA) 
fo' 
th. 
mountl"9S 
shown 
i, to b40 u-.t 
., 
typlc.l 
guid40line 
",.lues 
fOl" pr.llm,n.ry 
."9,n_'"9 
or 
in c_ 
th40 ti. 
point 
temper.tur4o 


c••• not 
be ••••• sur ••. 


MOUNTING 
LEAD LENGTH 
L (INI 
METHOD 
1/8 
I 
1/4 
I 
112 
3/' 
•.••JA 
, 
0 
, 
W 
3 
28 
C/W 


tl-j 
r-l::j 


lIlmlJ 


MOUNTING 
METHOD 
2 


VtlCtot" Pin Mounti 
•• 


® MOTOROLA 


subminiature 
size, 
axial 
lead 
mounted 
rectifiers 
for 
general- 
purpose 
main 
rectifier 
applications 
in TV IHiFi 
sets 
and 
domestic 
appliances. 


Designers 
Data for "Worst 
Case" 
Conditions 


The 
Designers 
Data 
Sheets 
permit 
the 
design 
of most 
circuits 


entirely 
from 
the information 
presented. 
Limit curves - 
representing 


boundaries 
on device 
characteristics 
- 
are given 
to 
facilitate 
"worst 


case" 
design. 


g 
g 
$ ! 
~ ~ 
" 
$ 
Alliin. 
Symbol 
~ 
Unit 
~ ~ ~ 
> 
> 
~ ~ ~ 
" 
" 


Peak 
Repet't,ye 
Reverse 
Voltage 
VRAM 


Worlung 
Peak 
Reverse 
Voltage 
VRWM 
SO 
100 
200 
400 
600 
800 
1000 
1250 
VollS 


DC 
Blocking 
Vollage 
VR 


Non·Repetltlve 
Peak. 
ReI/else 
Voltage 
VRSM 
60 
120 
240 
480 
120 
1000 
1200 
1500 
VollS 


(hal/wave 
smgle 
phase, 
SO '-hI 


RMS 
Reverse 
Voltage 
VRIRMSI 
35 
70 
140 
280 
420 
560 
700 
850 
VOlts 


Average 
ReClof,ed 
Forward 
Current 


h,ngle 
phase, 
1e$IShve 
load. 
'0 
15 
Amp 


50 
Hz. 
see 
Figure 
8. 
T A 
- 
75 °el 


Non·Repetl1!lIe 
Peak 
Surge 
Currenl 


(surge 
applied 
031 rated 
load 
lFSM 
50 
(for 
1 cycle) 
Amp 


condItions, 
see 
F'QI,He 
21 


Operating 
and 
SlOrage 
JunCIIon 
TJ.1519 
·c 


Temperature 
Range 
-65 
to +175 


Chat'Kt.ristic 
.nd Conditions 
Symbol 
Typ 
M•• 
Unit 


MaXimum Instantaneous 
For.••..ard Voltage Drop 
V, 
Volts 


lIF - 
1 5 Amp. TJ - 
25 DCI Figure 1 
, 0 
1.15 


Max.,num Reverse Currenllraled 
de voltagel 
'R 


"" 
TJ-25OC 
005 
'0 


TJ-l00oC 
1.0 
50 


CASE: Void free, Transfer Molded. 
MAXIMUM 
LEAD TEMPERATURE 
FOR SOLDERING PURPOSES: 
350°C, 
1.27 em 


from case for 10 seconds 
at 2.27 kg tension. 


FINISH: 
All external surfaces are corrosion-resistant, 
leads are readily solderable. 


POLARITY: 
Cathode indicated by color band.(" 


WEIGHT: 
0.40 Grams (approximately). 


BY 601 thru BY 608 


SERIES 


LEAD MOUNTED 
SILICON 
RECTIFIERS 


50-1250 
VOLTS 
DIFFUSED JUNCTION 


o 
-Il...-B 


CATHDDE1 


BAND 


MILLIMETERS 
_-.!NCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
597 
66T- 
0.235 
0260 


B 
219 
305 
oiTo 
0.120 
D 
0.76 
.Q~6 _ 
0030 
0034 


K 
1794 
nOO 


~ 


T, 
21'C 
....- 
....- 


'/ 


TYPICAL! 
MAXIMUM 


I 


J 


7 


I , 


10 


70 
10 


30 
0:: 
:>; 
20 
"z 


10 
:> 
~ 
07 


~ 
05 


~ 
03 
is 
02 
z« 
z 
:" 0 


~ 
00 


'" 001 


OOl 


002 


_ 
100 
:0 
; 
10 
~ 
~ 
10 
~ 
:> 
u 
> 
lO 


'""z 
20 
v; 


SURGE 
APPIIEO 
AT RATEO 
lOAO 
CONDITIONS 


TJ 
moc 


I-•.... 
/ 
t-_ 


F::::I-~ 
I = 50 HIi~ 
i----4-1 
"Clf 


VRRM 
APPLIED 
AFTER 
SURGE 
I 
I 
I 
I 
I 
I' 
TYPICAL 
FAILURES 


DESIGN 
LIMITS 


~ 
'" 
10 
~ 


~ 
7.0 


1.0 1.0 


4\ 
40 
31 
lO 
G 
11 


> 
20 
§ 
z 
III 


1.0 


01 
0 


-0.1 
10 


-1.\ 


-2.0 
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",hef' 
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L'" 
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The temperature 
of the lead should be measured 
using a thermocouple· 
placed 
on the lead as close as possible 
to the tie point. 
The thermal 
mass connected 
to 


the tie point 
is normally 
large enough 
so that it will 
not significantly 
respond 
to 
heat surges generated 
In the diode as a result of pulsed operation 
once steady· 


200 
300 


I. TIME Imsl 


state 
conditions 
are achieved. 
Using 
the measured 
value 
of Tl. the 
junction 
temperature 
may be determined 
by: 


TJ ~ Tl + 6TJl. 
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FIGURE 7 - 
1.27 mm LEAD LENGTH, VARIOUS 
LOADS 
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FIGURE 6 - 
EFFECT OF LEAD LENGTHS, RESISTIVE LOAD 


4.0 
0:~§ 
3.5 


~ 
3.0 


=> 
u 
~ 
2.5 
" 
~ 
2.0 
o 


c.:l 
1.5 
~ 
> 
1.0 
":> 
0.5 
g 


80 
IDO 
120 
140 


TL, LEAD TEMPERATURE 
(OCI 


0: 


14 
~ 
:0 
1.2 
~ 
zw~ 
10 
~ 
=> 


0~ 
0.8 
"~ 
0 
06 


w 
'"~ 
04 


>";; 
02 


~ 


I 
I 
I 
I 
I 
I 
r-...... 


IIPKI/1fAV)" 
Jr 
~~~I~~IVE/INOUCTIVE 
r-.... 
..- 
...•..• 


5-tlCAP'AC'),VE - - 
r-.... 
..,.. 
'~-t LOADS 
- - 
-....: >< 
20 
I'-. 
.....• 
~ 
"C 


-< 
...•..• 
.;:-... 


- 
ROJA 
0 850CIW 
•.•.... " 
~ 


ISee Note 1) 
•.....•~~ 


II~ 
I 
I 
, 
I 
I 


Data 
shown' 
for 
thermal 
resistance 
junction-Io-ambient 


(ROJA) 
for the mountings 
shown 
is to be used 
as typical 
gUIde- 


line 
values 
for 
preliminary 
englOeenng 
or 
in case the 
tie POint 


temperature 
cannot 
be measured 
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DATA NORMAlllED 
TO 


10kHz 
VALUE 
.•... 
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REPETITION 
FAEQUENCY 
(kHt} 


RECTIFIER 
EFFICIENCY 
NOTE 


The rectification 
efficiency 
factor 
0 shown in Figures 13 and 14 


was calculated 
using 
the 
formula: 


V20ldcl 


Pdc 
RL 


0= 
--= 
---. 
100% 


Prms 
V20lrms} 


RL 
For a sine wave input Vmsin 
(wt) 
to the diode, assumed lossless, 


the maximum 
theoretical 
efficiency 
factor becomes 40%; for a 
square wave input of amplitude V m. the efficiency 
factor becomes 
50%. 
(A full wave circuit 
has twice these efficiencies). 


As the frequency of the input signal is increased, the reverse 
recovery time of the diode iFigure 111becomes significant, result- 
ing In an increasing ac voltage component 
across RL which 
is 
OPPosite in polarity 
to the forward current thereby reducing the 


value of the efficiency 
factor 
0, as shown in Figures 13 and 14. 


It should be emphasized that Figures 13 and 14 show wave· 


form efficiency only; they do not account for diode losses. Data 
was obtained by measuring the ac component of Va with a true 
rms voltmeter and the dc component with a dc voltmeter. 
The 
data was used in Equation t to obtain points for the F'gures. 


® MOTOROLA 


Switchmode 
Power Rectifiers 
Epitaxial 
construction 
with 
oxyde 
passivation and metal 
overlap 
contact 
- 
ion implanted guard ring for 
transient 


voltage protection 
lowest combinated power losses 
high surgecapability 
majority carrier conduction 


Rating 
Symbol 
BYS35 
BYS35 
BYS35 
BYS35 
Units 
-20 
-30 
-45 
"':50 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
20 
30 
45 
50 
Volts 


DC Blocking 
Voltage 
VR 


Average Rectified 
Forward 
35 
35 
Current, 
Rated 
VR Square 
Wave 
IF (AV) 
(TC = 100° CI 
(TC = 900 CI 
Amp. 


Non-Repetitive 
Peak 
Surge 
'FSM 
600 
Amp. 
Current, 
10 mS 
---- 
- 


Operating and Storage Junction 
J'TSTG 
_ 
-65 to +150--_ 
Temperature 
°C 


Peak Operating Junction 
TJ (PK) 
175 
Temperature 
°C 


Voltage Rate of Change 
dV/dT 
1000 
Volts 
i'Sec. 


Characteristics 
Symbol 
Typ 
Max. 
Units 


Instantaneous Forward Voltage 


IF = 35 Amp. 
TC=250C 
0.55 
0.63 


TC= 
100°C 
0.48 
0.60 
TC=l50oC 
VF 
0.45 
- 
Volts 


IF = 70 
Amp. 
TC = 250 C 
0.70 
0.80 
TC=1000C 
0.62 
0.77 
TC=l50oC 
0.57 
- 


Instantaneous 
Reverse 
Current, 
Rated 
VA 


TC = 25° C 
8YS35-20/30 
70 
700 
~A 
8YS35-45/50 
100 
1000 
IR 
TC= 
100°C 
BYS35-20/30 
8 
15 
mA 
BYS35-45/50 
12 
25 


Minimum 
Reverse 
Breakdown 
I VBR 
301 
I 
I 
Voltage 
'BR = 10 mA, TC = 25° C 
40 
47 
53 
Volts 


BYS 35 SERIES 


SCHOTTKY 
BARRIER 
RECTIFIERS 


35 AMPERES 
20 to 50 VOLTS 


-G, 
C~F 


"" 


MILlHlfTEIlS 
I ~CHE<; 


nln. .... 
.In. 
.... 
, 
10.77 
11.10 
0.4H 
0.411 
. 
0.424 


C 
10.29 
0.450 
, 
0.250 
, 
1.91 
4.45 
0.075 
0.175 
, 
,., 
0.023 


" 
.., 
0.01> 
, 
10.72 
11.51 
0.422 
0.453 
, 
20.32 
" 
C 
2.0 
0.078 
- 
Q 
U 
0.l'l60 


CASE: welded, hermetically sealed 
POLATITY: 
cathode to case 
MOUNTING POSITIONS: any 
STUD TORQUE: 15 in. Ib, max. 


Reverse power dissipation and the possibility of 
thermal runaway must be covered when operating 
this rectifier at reversevoltages above 0,2 VRWM. 
Proper operating may be accomplished by use of 
equation: 
(1) TA 
(max) ; 
TJ 
max - 
RaJA.PF (AV) 
- 
RaJA (AV) 
where: 


TA (max) ; maximum allowable ambient 


temperature 
TJ (max) ; maximum allowable junction 
temperature 
PF (AV) ; averageforward power dissipation 
PR (AV) ; averagereversepower dissipation 
RaJA 
; junction to ambient thermal resis- 


tance 


Figure 1 permits easier useof equation (1) by ta- 
king reverse power dissipation and thermal runa- 
way 
into 
consideration. The figure solves for a 


reference temperature as determined by equation 
(2): 
(2) TR; 
TJ max - 
RaJA PR (AV) 
substituting equation (2) into equation (1) yields: 
(3) TA (max) ; TR - 
RQJA RF (AV) 


Example: find 
TA (max) for BYS 35-30 
opera- 


ted in a 5 volts/12 A flyback convertor, 6 min ; 
0,5, VRRM ; 12 volts and RaJA; 
50 C/W. 


STEP 1 
Find VR equivalent; 
VRRM vg-; 12 VO,5; 


8,5 V. 


STEP 2 
Find TR from fig. 1 horizontaly 
intercept VR ; 


8,5 V with the BYS 35-30 
curve. Vertically inter- 
cept this point with 
the RaJA ; 
50 C/W curve. 


ReadTR directly, TR ; 1420 C. 


STEP 3 
f"ind PF (AV) from figure 3. ReadPF (AV) ; 6 W. 


STEP 4 
Find TA (max) from equation (3) 
TA max; 
TR - 
RaJA. PF (AV) 
; 1420 C-300 C 
; 1120 C 
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® MOTOROLA 


Switchmode Power Rectifiers 


Epitaxial 
construction 
with 
oxyde 
passivation 
and 
metal 


overlap 
contact 
- 
ion 
implanted 
guard 
ring 
for 
transient 


voltage 
protection 
lowest 
combinated 
power 
losses 
h igh surge ca pab iIity 
majority 
carrier 
conduction 


Rating 
Symbol 
BYS60 
BYS60 
BYS60 
BYS60 
Units 


-20 
-30 
-45 
-50 


Peak Repetitive 
Reverse Voltage 
VRRM 


Working 
Peak Reverse Voltage 
VRWM 
20 
30 
45 
50 
Volts 


DC Blocking 
Voltage 
VR 


Average 
Rectified 
Forward 
60 
60 


Current, 
Rated 
VA Square 
Wave 
IF IAV) 
ITC: 
1000 C) 
ITC = 900 Cl 
Amp. 


Non·Repetitive 
Peak Surge 
IFSM 
--800 
(for 1 cycle)___ 
Amp. 
Current, 10 mS 


Operating 
and Storage 
Junction 
J'TSTG _--65 
to +150_ 
Temperature 
°C 


Peak Operating 
Junction 
TJ IPKI 
175 
°C 
Temperature 


Voltage 
Rate of Change 
dV/dT 
1000 
Volts 
J.J Sec. 


Charlcteristics 
Symbol 
Typ 
MIX. 
Units 


Instantaneous 
Forward 
Voltage 


IF = 60 Amp. 
TC=250C 
0,65 
0,70 
TC= 
100°C 
0,60 
0,68 
TC=150oC 
VF 
0,55 
- 
0,79 
Volts 
IF=12OAmp. 
TC = 25° C 
0,86 
TC = 1000 C 
0,74 
0,81 
TC= 
150°C 
0,68 
- 


Instantaneous 
Reverse 
Current, 
Rated 
VR 


TC=250C 
BYS 60-20/30 
70 
700 
~A 
BYS 60-45/50 
100 
1000 
IR 
TC= 
100°C 
BYS 60-20/30 
8 
15 
mA 
BYS 60-45/50 
12 
25 


Minimum Rever. Br.kdown 
I 
VBR 
30140 
1 
47 T 
Voltage (R 10 mA, TC = 250 C 
53 
Volts 


BYS 60 SERIES 


SCHOTTKY 
BARRIER 
RECT,IFIERS 


60 AMPERES 
20 to 50 VOLTS 


~ 


/.,:;::, 
F! 


l 
\ \ 
, 
A 


. 
,t 
j 


B --1-- 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
16.94 
17.45 
0.667 
0.687 


B 
- 
16.94 
- 
0.667 
C 
- 
11.43 
0.450 


0 
- 
9.53 
0.375 
E 
2.92 
5.08 
0.115 
0.200 


F 
- 
2.03 
- 
0.080 


H 
1.52 
- 
0.060 
J 
10.72 
11.51 
0.422 
0.453 


K 
- 
25.40 
- 
I.DDD 


l 
3.96 
- 
0.152 
- 


P 
5.59 
6.32 
0.220 
0.249 
Q 
3,56 
4.45 
0.140 
0.175 


NOTES, 


1. Dimension "p" isdAimeter. 
2. All JEOEC dimensionSlmd 
notnapply. 


CASE 257·01 
00·5 


CASE: 
welded, 
hermetically 
sealed 
POLATITY: 
cathode 
to case 
MOUNTING 
POSITIONS: 
any 
STUD 
TORQUE: 
25 in, lb. max. 


Reverse 
power 
dissipation 
and 
the 
possibility 
of 


thermal 
runaway 
must 
be covered 
when 
operating 


this 
rectifier 
at reverse voltages 
above 0,2 
VRWM, 


Proper 
operating 
may 
be accomplished 
by 
use of 
equation: 


(1) 
TA 
(max) 
= 
TJ 
max 
- 
RaJA,PF 
(AV) 
- 
RaJA 
(AV) 


where: 


TA 
(max) 
= maximum 
allowable 
ambient 
temperature 
T J (max) 
= maximum 
allowable 
junction 
temperature 


PF (AV) 
= average forward 
power 
dissipation 


PR (A V) = average reverse power 
dissipation 


RaJA 
= junction 
to ambient 
thermal 
resis- 
tance 


Figure 
1 permits 
easier use of equation 
(1) by ta· 
king 
reverse 
power 
dissipation 
and 
thermal 
runa· 
way 
into 
consideration. 
The 
figure 
solves 
for 
a 


reference 
temperature 
as determined 
by 
equation 


(2): 


(2) TR 
=TJ 
max - 
RaJA 
PR (AV) 


substituting 
equation 
(2) 
into 
equation 
(1) yields: 


(3) TA 
(max) 
= TR 
- 
RaJA 
RF (AV) 
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HOW TO USE FIG. 1 TO FIND TR (MAX) 


Example: 
Find 
TA 
(max) 
for 
BYS 
60-30 
operated 
in 
a 5 


V /40 
A 
forward 
converter 
as free 
wheel 
diode, 


6 min = O,35,VRRM 
= 17 V and RaJA 
= 50 C/W, 


STEP 1 


Find 
VR 
equivalent 
= VRRM 
\{""3 
min 
= 17 


VO, 
35 = 
10 V. 


STEP 2 


Find 
TR 
from 
fig, 
1 horizontaly 
intercept 
VR 
= 


10 V with 
the 
BYS 
60-30 
curve. 
Vertically 
inter- 


cept 
this 
point 
with 
the 
RGJA 
= 50 C/W 
curve. 


Read TR directly, 
TR = 1410 C. 


STEP 3 


Find 
PF 
(AV) 
from 
fig. 
3 
(IF 
(AV) 
in the 
free 


wheel diode 
is: 


10. (1 -5 
min) 
= 26 Al. 
Read PF (AV) 
= 16 W. 


STEP 4 


Find TA 
(max) 
from 
equation 
(3) 
TA 
max = TR 
- 
RaJA. 
PF (A V) 
= 1410 C-800 
C = 610 C 
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VF, INSTANTANEOUS 
FORWARD VOLTAGE 
(VOLTS) 


PF(AV), 
AVERAGE 
FORWARD 
POWER 
DISSIPATION 
(WATTS) 


® MOTOROLA 


Switchmode 
Power Rectifiers 


Epitaxial 
construction 
with 
oxyde 
passivation 
and 
metal 


overlap 
contact 
- 
ion 
implanted 
guard 
ring 
for 
transient 


voltage 
protection 
lowest 
combinated 
power 
losses 
high surge capability 
majority 
carrier 
conduction 


Rating 
Symbol 
BYS75 
BYS75 
BYS75 
BYS75 
Units 
-20 
-30 
-45 
-50 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
45 
50 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
20 
30 
DC Blocking Voltage 
VR 


Average Rectified Forward 
75 
75 


Current, 
Rated 
VA Square 
Wave 
IF IAVI 
1TC: 
1000 C) 
ITC = 900 C) 
Amp. 


Non-Repetitive 
Peak 
Surge 
IFSM --- 
1000 - 


Amp. 
Current, 
10 mS 


Operating 
and 
Storage 
Junction 
TJ'TSTG 
_-65 
to +150__ 
°C 
Temperature 


Peak Operating Junction 


TJ IPKI 
175 
°C 
Temperature 


Voltage 
Rate of Change 
dv/OT 
1000 
Volts 
[;J Sec. 


Characteristics 
Symbol 
Typ 
MIX. 
Units 


Instantaneous 
Forward 
Voltage 


IF = 75 Amp. 
TC=250C 
0.6 
0.72 
TC= 
100°C 
0.55 
0.64 
TC= 
150°C 
VF 
0.53 
- 


Volts 
IF = 150 Amp. 
TC = 250 C 
0.8 
0.88 


TC = 1000 C 
0.68 
0.78 
TC=l50oC 
0.64 
- 


Instantaneous 
Aeverse 
Current, 
Rated 
VR 


TC=250C 
BYS75-20/3O 
90 
1000 
~A 
BYS75-45/50 
130 
1200 
IR 


TC= 
100°C 
BYS75-20/30 
15 
25 
mA 
BYS75-45/50 
40 
50 


Minimum 
Reverse Breakdown 
I 
VBR 
301 
401 
47 I 
Voltage (IBR = 10 mA. TC = 25° C) 
53 
Volts 


BYS 75 SERIES 


SCHOTTKY 
BARRIER 
RECTIFIERS 


75 AMPERES 
20 to 50 VOLTS 


~"'1:1 


B -I 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
16.94 
17.45 
0.667 
0.687 


8 
16.94 
0.667 
C 
- 
11.43 
- 
0.450 


0 
- 
9.53 
- 
0.375 
E 
2.92 
5.08 
0.115 
0.200 
F 
- 
2.03 
- 
0.080 
H 
1.52 
- 
0.060 
J 
10.72 
11.51 
0.422 
0.453 


K 
25.40 
1.000 


L 
3.96 
- 
0.152 


P 
5.59 
6.32 
0.220 
0.249 


Q 
3.56 
4.45 
0.140 
0.175 


NOTES: 


1. Dimension 
"p" is dilmlter. 


2. All JEOEC dimensions and notes apply. 


CASE 257-<11 
00·5 


CASE: 
welded, 
hermetically 
sealed 
POLATlTV: 
cathode 
to case 
MOUNTING 
POSITIONS: 
any 
STUD 
TORQUE: 
25 in. lb. max. 


HOW TO USE FIG. 1 TO FIND TR (MAX) 
Example: 
Find TA 
(max) for BYS 60-30 
operated in a 5 


V /60 
A forward 
converter as frectifiyng 
diode, 


5 min = 0,35, 5 max = 0,5, VRRM = 17 V and 
ROJA= 30 C/W 


Reverse power dissipation and the possibility of 
thermal runaway must be covered when operating 
this rectifier at reversevoltagesabove 0,2 VRWM. 
Proper operating may be accomplished by use of 
equation: 
(1) TA 
(max) = TJ 
max - 
RaJA.PF (AV) 
- 
RaJA PR (AV) 


where: 


TA (max) = maximum allowable ambient 
temperature 
TJ (max) = maximum allowable junction 
temperature 
PF (AV) = averageforward power dissipation 
PR (AV) = averagereversepower dissipation 
RaJA 
= junction to ambient thermal resis- 


tance 
Figure 1 permits easier use of equation (1) by ta- 
king reverse power dissipation and thermal runa- 
way 
into 
consideration. The figure solves for a 
reference temperature as determined by equation 
(2): 


STEP 1 
Find VR equivalent = VRRM V1=5 min 
= 17 


Va,65 = 13,7 V 


STEP 2 
Find TR from fig. 1 horizontaly 
intercept VR = 
13,7V with the BYS 75-30 
curve. Vertically inter- 


cept this point with 
the RGJA = 30 C/W curve. 


Readdirectly, TRT= 1400 C. 


STEP 3 
Find PF (AV) from fig. 4 (IF (AV) for the recti- 
fying diode is 10x 5 max IF (AV) = 10.0,5= 30A) 
ReadPF (AV) = 18 W 


STEP 4 
Find TA (max) from equation (3) 
TA max = TR - 
RaJA. PF (AV) 
= 1400 C-860 C 


(2) TR = TJ max - RaJA PR (AV) 
substituting equation (2) into equation (1) yields: 
(3) TA (max) = TR - 
RaJA RF (AV) 
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VF,INSTANTANEOUS 
FORWARD VOLTAGE 
(VOLTS) 


@ MOTOROLA 


· .. utilizing 
individual 
void-free 
molded 
rectifiers, 
interconnected 


and 
mounted 
on 
an 
electrically 
isolated 
aluminum 
heat 
sink 
by 
a high thermal-conductive 
epoxy 
resin. 


• 
400 
Ampere 
Surge Capability 


• 
Electrically 
Isolated 
Base 


• 
1800 
Volt 
Heat Sink 
Isolation 


• 
Maximum 
space saving 


BYT25 


Rating 
t~r 
Diod.1 
Svmbol 


200 
41fo 
Unit 


50 
100 
600 
800 
1000 


Peak Repetitive 
Reverse 
Voltage 
VAAM 
Working 
Peak Reverse 
Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 
Volt~ 


DC Blockmg 
VOltage 
VA 


DC Output 
Voltage 
Vdc 
Volts 
Resistive 
Load 
30 
62 
124 
250 
380 
500 
630 


C,pacltlve 
Load 
50 
100 
200 
400 
600 
800 
1000 


Sine Wave AMS Input 
Voltage 
VAlAMSl 
35 
70 
140 
280 
420 
560 
700 
Volls 


Average 
Rectlfled,Forward 
Current 
'a 
Amp 


(S,ngle 
phase bridge, 
25 


reStillV! load, 
50 Hz, TC = 55 °c 


Non-Repetitive 
Peak Surge 
'FSM 
Amp 


Current 
applll!d 
(Surge 
400 


at rated 
toad condttlons) 


Operating 
and Storage 
Junction 
TJ, TUg 
-60 
to +175 
·c 


Characteristic 
Symbol 
Typ 
Max 
Unit 


Thermal 
ReSistance. 
Junction 
to Case 
ROJC 
°elW 


Each 
Die 
8.0 
10 


Total 
Bridge 
2.0 
2.8 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
(Per DIode) 
VF 
- 
0.95 
1.05 
Volts 
I'F'40A) 


Reverse 
Current 
(Per Diode) 
IR 
- 
- 
0.10 
mA 


(Rated 
VRI 


Plastic 
case wIth 
an electrically 
isolated 
aluminum 


base. 


Termmal 
deSignation 
embossed 
on case: 


+ DC output 


-DC 
output 


AC 
not 
marked 


MOUNTING 
POSITION: 
80lt 
down. 
Highest 
heat 
transfer 
efficiency 
accom- 


plished 
through 
the 
surface 
opposite 
the 
terminals. 


Use 
silIcone 
heat 
smk 
compound 
on 
mounting 


surface 
for 
maxImum 
heat 
transfer. 


25 grams 
(approx.) 


SUItable 
for 
fast·on 
connectIons. 
Readily 
solderable, 


corrOSion 
resIstant. 
Solderlng 
recommended 
for 


appllcat,ons 
greater 
than 
15 amperes. 


MOUNTING 
TORQUE: 
20 In. lb. max. 


BYT25,-50 
thru 
BYT25-1000 
SERIES 


MINIATURE 
SINGLE PHASE 
FULL-WAVE 
BRIDGE 


25 AMPERES 
50-1000 
VOLTS 


NOTE: 


I. 
DIM "a" SHAll 
BE 
MEASURED 
ON 
HEATSINK 
SIDE OF 
PKG. 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
25.65 
26.16 
1.010 
1.030 


C 
12.44 
13.97 
0.490 
0.550 


0 
6.10 
660 
0.240 
0.260 
F 
10.01 
10.49 
0.394 
0.413 


G 
19.99 
21.01 
0.787 
0.827 


J 
0.71 
0.86 
0.028 
0.034 


K 
10.41 
11.43 
0.410 
0.450 


l 
1.52 
2.06 
0.060 
O.OBI 
P 
2.79 
2.92 
0.110 
0.115 
Q 
4.42 
4.67 
0.174 
0.184 
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@ MOTOROLA 


. utilizing 
individual 
void-free 
molded 
MR2500 
Series rectifiers. 


interconnected 
and mounted 
on an electrically 
isolated aluminium 
heat sink by a high thermal<onductive 
epoxy resin. 


• 
400 Ampere 
Surge Capabil ity 
• 
Electrically 
Isolated 
Base (Isolation 
Breakdown 
Voltage 
2.5 KVj. 


• 
Cost Effective 
in Lower Current 
Applications 


• 
Maximum 
Power 
Dissipation 
25 Watts 


R.t1ng 
(Per Dlod.) 
Symbol 
.YW 
.YW 
.YW 
.YW 
.YW 
.YW 
.YW 
Unit 


20 
21 
22 
24 
26 
2. 
7' 


Peak Repell five Reverse Vol tage 
VRRM 
Working 
Peak Reverse Voltage 
VAWM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


DC Blocking 
Voltage 
VA 


DC Output 
Voltage 
Vd, 
Volts 
ResIstive 
load 
30 
62 
124 
250 
380 
500 
630 
Capacitive 
Load 
50 
100 
200 
400 
600 
800 
1000 


Sine 
Wave 
RMS 
Input 
Voltage 
VAfRMS) 
35 
70 
140 
280 
420 
560 
700 
Volts 


Average AeclifiedForward 
Current 
'0 
Amp 
(Single phase bridge, 
15 


reSiStiVe load, 50 Hz, T C ""' 55 QC 


Non Repetitive 
Peak Surge 
IFSM 
Amp 
Current applied (Surge 
400 
a1 rated load condilionsl 


Operatmg and Storage Junction 
TJ. Tug 
°c 
Temperature 
Range 
-65 
to +175 


Ch.rK~riltic 
Symbol 
Min 
TV. 
M•• 
Unit 


Instantaneous 
Forward 
VOltage 
(Per 
Olodel 
VF 
Votts 


(IF=24AI 
- 
1.0 
1.10 


Reverse 
Current 
(Per Olodel 
'A 
mA 


(Aated 
VAl 
- 
- 
0.10 


CASE: 
PlastiC 
case 
wIth 
electrlcallv 
isolated 
aluminum 
base. 


POLARITY: 
Terminal 
designation 
embossed 
on case: 
+ DC output, 
- 
DC output, 
AC not 
marked. 


MOUNTING 
POSITION: 
Bolt 
down. 
HIghest 
heat 
transfer 
effIciency 
accomplished 
thrOUgh 
the 
surface 
opposite 
the 
terminals. 
Use silicon 
grease 
on 
mounting 
surface 
lor 
maximum 
heat 
transfer. 


WEIGHT: 
40 grams 
lapprox.l 


TERMINALS: 
SUitable 
lor 
last-on 
connections. 
ReadilV 
solderable, 
corrosion 
resistant. 
Soldenng 
recommended 
for 
applIcations 
gredter 
than 
15 Amperes. 
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Dim 
In_ 
Millimeters 
Min 
MIX 
Min 
MIX 


A 
1.368 
1.387 
34.75 
35.25 
B 
.344 
.364 
B.75 
9.25 
C 
.B36 
.875 
21.25 
22.25 
0 
.244 
.251 
6.20 
6.40 
E 
.030 
.032 
0.77 
0.83 
F 
1.102 
1.125 
2B.00 28.60 
G 
.165 
.177 
4.20 
4.50 
H 
.064 
.068 
1.65 
1.75 


NOTES 
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@ MOTOROLA 


... 
utilizing 
individual 
void·free 
molded 
MR2500 
Series rectifiers. 
interconnected 
and mounted 
on an electrically 
isolated aluminium 
heat 
sink 
by a high thermal-eonduetive 
e(X>xy resin. 


• 
400 Ampere 
Surge Capability 
• 
Electrically 
Isolated 
Base (Isolation 
Breakdown 
Voltage 
2.5 KV). 


• 
Fast 
Recovery 
Available 
on Request 
• 
Cost Effective 
in Lower 
Current 
Applications 


• 
Maximum 
Power 
Dissipation 
67 Watts 


BVW 
BVW 
BVW 
BVW 
BVW 
BVW 
BVW 
Unit 
Rati~ 
(Per Diode) 
Symbol 
60 
61 
62 
64 
66 
6B 
89 


Peak RepetItive 
Reverse Voltage 
VRAM 
BOO 
1000 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
50 
100 
200 
400 
600 


DC Blocking 
VOltage 
VA 


DC OUtput 
Voltage 
Vd, 
Volts 


Reslsti\le 
Load 
30 
62 
124 
250 
3BO 
500 
630 


Capacitive 
load 
50 
'00 
200 
400 
600 
BOO 
1000 


Sine Wave AMS Input Voltage 
VA(AMSI 
35 
70 
140 
280 
420 
560 
700 
Volts 


Average AectlfledForward 
Current 
'0 
Amp 


(Single phase bridge, 
35 


resistive 
load. 
50 Hz, T C - 
55°C 


Non·Repetitive 
Peak Surge 
IFSM 
Amp 


Current applied (Surge 
400 


at rated load conditlonsl 


Operating 
and Storage 
Junction 
TJ' 
TS19 
'c 
Temperature 
Range 
-65 
to +175 


Ch.ractltristtc 
Symbol 
Min 
TVp 
Ma. 
Unit 


Instantaneous 
Forward 
Voltage (Per Diode) 
VF 
Volts 


flF 
- 
55 A) 
- 
'0 
1.1 


Reverse Current 
(Per Diode) 
'A 
mA 


(Rated VR) 
- 
- 
0.10 


CASE: Plastic case with electrically 
Isolated alumInum 
base, 


POLARITY: 
Terminal 
deSIgnation embossed on case: 
+ DC output, 
- 
DC output, 
AC not marked. 


MOUNTING 
POSITION: 
Bolt down. Highest heat transfer efficiency 
accomplished 


through 
the surface opposite 
the terminals. 
Use silicon grease on mounting 
surface 


for maximum 
heat transfer, 


WEIGHT: 
40 grams (approx.1 


TERMINALS: 
SUitable for fast·on connections. 
Readily solderable, corrosion 
reSIStant. 
Soldering recommended 
for applications 
greater than 15 Amperes. 


MOUNTING 
TORQUE: 
0,23 Kg.·m. Max. 


BYW 60 SERIES 


~.~:Y ~ 


SI NG lE-PHASE 
FUll·WAVE 
BRIDGE 


- 


o 
).; 


H$_ 
o 
E 
r-- 
8 


C 
, 
, 
L- 
., 


G 


Dim 
In_ 
Millimeter. 
Min 
Max 
Min 
Max 


A 
1.368 
1.387 
34.75 
35.25 
8 
.344 
.364 
8.75 
9.25 
C 
.836 
.875 
21.25 
22.25 
0 
.244 
.251 
6.20 
6.40 
E 
.030 
.032 
0.77 
0.83 
F 
1.1 02 
1.125 
28.00 
28.60 
G 
.165 
.177 
4.20 
4.50 
H 
.064 
.068 
1.65 
1.75 


NOTES 


. I. Hole IS counler sunk lor # 6 sock" 
head SCtlW. 


2, Dim. "B", 
"C", "0", 
"E" and "H" ar. tvPic.!. 
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@ MOTOROLA 


.. utilizing 
individual 
void-free 
molded 
MR2500 
Series rectifiers, 
interconnected 
and mounted 
on an electrically 
isolated aluminium 
heat sink by a high thermal-conductive 
epoxy 
resin. 


• 
400 Ampere 
Surge Capability 
• 
Electrically 
Isolated 
Base (Isolation 
Breakdown 
Voltage 
2.5 KV). 


• 
Cost Effective 
in Lower Current 
Appl ications 


• 
Maximum 
Power 
Dissipation 
67 Watts 


RatiAi 
(Per Diod.) 
Symbol 
BVW 
BVW 
BVW 
BVW 
BVW 
BVW 
BVW 
Unit 
60M 
61 M 62 M 64 M 66M 
68M 
89 M 


Peak 
RepetItIve 
Reverse 
Voltage 
"ARM 
Working 
Peak Reverse 
Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


DC Btocking 
Voltage 
VR 


DC OutpYt 
Voltage 
Vd, 
Volts 


Resistive 
Load 
30 
62 
124 
250 
380 
500 
630 
CapacItive 
Load 
SO 
'00 
200 
400 
600 
800 
1000 


SIne Wave RMS Input 
Volt~ 
VR(RMSI 
35 
70 
140 
280 
420 
560 
700 
Volts 


Average 
-Rect-ified 
Forward 
Current 
'0 
Amp 


Single 
phase 
bridge. 
resistive 
loads. 
50 
Hz 
30 
Comman 
Heatsink 
mOunting, 
Case temp 
; SOD C 


Non-Repetitive 
Peak Surge 
IFSM 
Amp 
Current 
applied 
(Surge 
400 
at rated 
load conditions) 


Operating 
and Storage 
Junction 
TJ, TUg 
°c 


Temperiltur. 
Range 
-65 to +175 


Cher.c:.riatic 
Sy ••••• , 
Min 
TV. 
Mo. 
Unit 


Instantanaous 
Forward 
Voltaga 
(Per DIode) 
VF 
Volts 


lIF = 55 Al 
- 
1.0 
1.1 


Reverse 
Current 
(Per Diode) 
'R 
mA 


IRated 
VRI 
- 
- 
010 


CASE: 
PI_tic 
CaM with 
,Iectrically 
isolated 
aluminum 
base. 


POLARITY: 
Terminal 
designation 
embossed 
on caN: 


+ DC output, 
- 
DC output, 
AC not 
marked. 


MOUNTING 
POSITION: 
Bolt down. 
HlghttU 
heet 
tran,fer 
efficiency 
.c:compli,hed 


through 
the surface 
opposite 
the termi".ls. 
Use silicon 
grease 
on mounting 
surface 
for maximum 
heal 
transfer. 


WEIGHT: 
40 grams 
(approx.! 


TERMINALS: 
Suitable 
for fast·on 
conl\8ctions. 
~eadily 
solderable, 
corrosion 
resistent. 


Soldering 
recomnwnded 
for applications 
greeter 
than 
15 Amper". 


MOUNTING 
TORQUE: 
0,23 
Kg.·m. 
Mex. 


BYW 60 M SERIES 


SINGLE·PHASE 
FULL-WAVE 
BRIDGE 


30 AMPERES 
50-1000 
VOLTS 


H~ 


o 
E 
r-" 
B 
L- 
:' 


G 


Dim 
In_ 
Millimeters 


Min 
MOll 
Min 
MOll 


A 
1.368 
1.387 
34.75 
35.25 
8 
.344 
.364 
8.75 
9.25 
C 
.836 
.875 
21.25 
22.25 
0 
.244 
.251 
6.20 
6.40 
E 
.030 
.032 
0.77 
0.83 
F 
1.102 
1.125 
28.00 
28.60 


G 
.165 
.177 
4.20 
4.50 


H 
.064 
.068 
1.65 
1.75 


NOTES 
1. Hole is counter 
sunk for # 6 socht 
hlld 
KflW. 


2. Dim. "B", 
"C", "0", 
"E" and "H" If. typical. 
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® MOTOROLA 


Designers 
Data Sheet 


. subminiature 
size, 
axial 
lead-mounted 
rectifier 
for 
general- 


purpose, low·power applications. 


Designers Data for 'Worst 
Case" Conditions 


The 
Designers Data 
Sheets 
permit 
the 
design of 
most circuits 
entirely 


from the information 
presented. Limits curves-representing boundaries on 
device characteristics-are 
given t~ facilitate 
"worst-case" 
design. 


BY X 10 
Rating 
Symbol 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Volts 


Working 
Peak Reverse Voltage 
VRWM 
BOO- 
DC Blocking Voltage 
VR 


Nonrepetitive 
Peak Reverse Voltage 
VRSM 
1600- 
Volts 
(Halfwave, 
Single Phase, 60 Hz) 


RMS Reverse Voltage 
VR(RMS) 
560· 
Volts 


Average Rectified 
Forward 
Current 
10 
0.5· 
Amp 


(Single Phase, Resistive Load, 
60 Hz, T L = 70°C, 
1.0· (MOTOROLA 


1/2" 
From Body) 
SPECIFIED) 


Nonrepetitive 
Peak Surge Current 
IFSM 
30 (for 1 cyclel 
Amp 


(Surge Applied 
at Rated Load 
Conditions, 
See Figure 2) 


Storage Temperature 
Range 
Tstg 
-65 to +175 
°c 


Operating Temperature 
Range 
TL 
-65 to +170 
°c 


DC Blocking Voltage Temperature 
TL 
150 
°c 


Characteristic 
and Conditions 
Symbol 
Typ 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage Drop 
vF 
- 
1.1 
Volts 
(iF ""2.0 Amp Peak, TL :: 1700 C. 
1i2 Inch Leads) 


Maximum 
Reverse Current 
(Rated dc Voltage) 
IR 
1.0 
"A 


T 
== 250 C 


TI 
== 1250C 
I'A 
50 


CASE: 
Void 
free, transfer molded 


MAXIMUM 
LEAD TEMPERATURE 
FOR SOLDERING 
PURPOSES: 240°C, 


lIS" 
from case for 10 seconds at 5 Ibs. tension 


FINISH: 
All 
external 
surfaces 
are 
corrosion-resistant, 
leads 
are 
readily 
solderable 


POLARITY: 
Cathode indicated by color band 


WEIGHT: 
0.40 grams (approximately) 


BYX 10 


LEAD-MOUNTED 
SILICON 
RECTIFIER 


1600 VOLTS 
0,5 AMPERE 


I 
K 
- 
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CATHOOE1 
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8ANO 
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I 
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MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
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6.60 
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The temperalure of Ihe lead should be measured using a thermocouple placed 
on the lead as close as possible 10Ihe lie point. The Ihermal mass connected to 
Ihe lie point is normally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady· 
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300 


t, TIME 
(ms) 


state conditions are achieved. Using the measured value of Tl. the junction 
temperature maybe determined by: 


TJ ~Tc + L'>TJl. 
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Oala shown for thermal resistance junction·lo~mbient 
18JA) for the 
mountings shown is to be used as tvpical guideline 
Yillues 
for prelimlf~ry 
engineering or in case the tie point temperature cannot be measured. 
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The rectification 
efficiency 
factor 
0 shown in Figures 13 and 14 
w. calculated using the formula: 


y20ldcl 


Pdc 
RL 
a---- ---. 
100% 
p,m. 
y2ol,m.) 


RL 
For a sine wtft/e input 
Vmsin 
lwd 
to the diode, 
assumed 
louless, 


the maximum 
theoretical 
efficiency 
factor 
becomes 40%; for a 
square 
wtNe input 
of amplitude 
Vm• the efficiency 
factor becomes 
50%. 
(A full 
W2Ne circuit 
has twtc8 
these efficiencies). 


As the frequency 
of the input 
signal is increased, the reverse 
recovery time of the diode (Figure 111becomes significant, 
result- 


ing in an increasing ac voltage component 
across RL which 
is 
opposite 
in polarity 
to the forward 
current thereby 
reducing the 
value of the efficiency 
factor a. as shown in Figures 13 and 14. 


It should be emphasized that 
Figures 13 and 14 show waY. 
form efficiency 
only; they do not account for diode losses. Data 
was obtained 
by measuring the ac component 
of Va with. 
true 
rml 
voltmeter 
and the dc component with a dc voltmeter. 
The 
data was used in Equation 
1 to obtain points for the Figures. 


® MOTOROLA 


SUBMINIATURE 
SIZE, AXIAL 
LEAD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


designed 
for 
special 
applications 
such 
as de power 
supplies, 
inverters, 
converters, 
ultrasonic 
systems, 
choppers. 
low RF interfer- 
ence and free wheeling diodes. 
A complete 
line of 
fast recovery 
rectifiers 
having typical recovery time of 300 nanoseconds providing 
high efficiency 
at frequencies to 250 KHz. 


DEl;IGNER'S 
DATA 
FOR 
"WORST 
CASE" 
CONDITIONS 
The 
Designers. 
Data 
Sheet 
permits 
the 
design 
of most 
circuits 
entirely 
from 
the 


information 
presented. 
Limit curves - 
representing device characteristic boundaries - 
are given to facilitate 
"worst case" design. 
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BYX 55 SERIES 


FAST SOFT RECOVERY 
POWER RECTIFIERS 


350 & 600 VOLTS 
1.2 AMPERE 


0) 
--11-8 
I 
K 
- 
0 


L=3 


CATHODE 
I 
I 


BAND 


K 


I 
I 
---.I. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
591 
660 
0235 
0260 


B 
279 
305 
0110 
0120 
0 
076 
086 
0030 
003' 
• 
27 9• 
~ 
1.100 
~ 


CASE: Void Free. Transfer Molded 


FINISH: 
External 
leads are tin plated. 
leads are readily solderable 


POLARITY: 
Cathode indicated by 
Polarity band 


WEIGHT: 0.4 Grams (Approximately) 
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FIGURE 5 - 
FORWARD POWER DISSIPATION 
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FIGURE 9 - 
3.18 mm LEAD LENGTH, VARIOUS 
LOADS 
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FIGURE 12 - THERMAL 
RESPONSE 
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To determine 
maxImum 
lunction 
temperature 
of the dIode In OlIlJiv,n ~tuallon. 


tl\e following 
proudure 
is rteommended 


The temperature 
of the case should 
be measured 
uSing it thermocouple 
placed 
on lhe case as close as possIble 
10 Ihe tie POlO!. The thermal 
mass connKted 
to 
lhe 
lie point 
is normiJlly 
large 
enaughsD 
thai 
ilwlli 
nOlSlgnlllcanlly 
respond 
to 
heat 
surges 
generated 
in lil~ diode 
ai a result 
of pulsed 
operatIon 
once slndy· 
state 
conditions 
ar, 
achieved. 
Using tht 
musurtd 
value 
of Te. tht 
junction 
ttmper~ture 
m~y be delermrn.d 
by. 


TJzTC 
.• C.TJC 


where c. TJC ISthe Increase 
in Junction 
temperalure 
above the case temper~ture. 


Itm.y 
be determined 
by: 


l:JTJC '"' Ppk . R9JC [0 .• (l - 01 . rlq .• tpl .• rltpl - dill] 
where 
fit) 
'" normalized 
,,~Iue of tf~nsitl'lllhtrmal 
rts,stance 
~11,mt. 
t. from 
Ftgure 
12.i.t.: 
r (11 .• Ip~tm~hled 
,,~Iue of transltnt 
therm.1 
reSlstaoce 
at I,mt 
trt-Ip. 


UN of the .boW't 
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,,,illince 
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'"y 
IT'IOY"tlrtgconfl~'IIO" 
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lead length. 
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••rllty· 
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FIGURE 13 - THERMAL 
RESISTANCE 


O~t. 
shown 
fOf therm.1 
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"alues IOf prellm'n.lIty 
engineer,ng 
or in case Ihe tie pOll'll temperature 
cannot 
be menurrd. 


TYPICAL VALUES FOR 8JA IN STILL AIR 
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4 for tqUer•.•••••••OPIIf".tiotl. 


I 
I 


-Vtr-1,)Y 
_TJ"250C 


./ 
V 
V 


..,../ 


] 
0.3 
" 
;:: 


~ 
0.2 


~ 
o 
'" 
<II( 
0.1 
~ 
fZ 
-f: 0.07 


0.05 


0.1 
0.2 
0.5 
1.0 
20 
5.0 


If, 
FORWARD 
CURRENT 
(AMPI 


FIGURE 15 - 
FORWARO RECOVERY TIME 
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FIGURE 16 - JUNCTION CAPACITANCE 
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FIGURE 19 - TJ - 100°C 
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1 DAde 
FROM 


CONSTANT 


VOLTAGE-SUPPLY 


RIPPLE' 
3 mVtlTl1 
MAX 


Reverse recovery tune I' the penod 
wtllch e'.ple' 
from rhe 
tune thel 1M current.thru. 
pU.•••lOuSIVforw.,d 
biated rectl' ••r 
dIode, ~neI1t\ru 
zero go'"g n." 
••.•ly until the revet. 
current 
rec~rs 
to a pomt wtuch " leu then 10'7' peak reverse current. 


Revene 
recovet"y tIme ,. a d,rect 
func1'on 
of the forward 
current pr,or to the applicatIOn of ,ever. 
volt •. 


For any g.ven rectlf ••r, recovery t,me ,. very Clrcu,t depend· 


ent. 
Typ,cal •..•d mlilltlmum recovery tune of all Motorola fast 
recovery power rect,f,ers ••.~rated 
uf\der a f')lld •.•t of cond,tlOnS 
us,ng IF • 
1.0 A, 
VA 
= SO V 
In order 
to cover all CirCUIt 
cond.t.on •. curves are g,•••n for tvplcal recovered stored c•.•••.ge 
verws commutatIOn 
d,/dt 
for v.,ou. 
level. of forward current 
and 
for luncr'on 
temperature. 
of 
2SoC. 
'SoC. 
l00"C. 
and 
1SePC 
To u. 
these CurIn .• 1 " neceu.ry 
10 know 
the forward 


Current t~et ju.t before commutatIon. 
the CIrcuit commutatIon 
d"dt. 
"nd the opentl"" 
Junction 
temperature 
T"'e r~.,. •.• r. 
coverV test 
current 
.•••• 
aveform 
for all Motorola 
fast r-eov.,v 
r-etihen 
IS••..o......n.et--'" 
d"d. 
I,•• 
'.. 


OR 


IRMlRECI 


From 
stored 
ch"rge curw-s verws 
d,/dt. 
rKovery 
t,me Itrr) 
and 
pe"k reverse recovery 
current 
lIRMIRECI' 
can be CIOMly 
apprOlllmated US"'9 the follow,ng formul •• 


[a] 
112 
1,,·1 
41 lit 
---.!!.... 
d,/dl 


~ 
::;< 
1100 
~ 
z 
'"'":> 
u 


~ 
10.1 


~~ 


r---t-t-v 
R 
Z 400 II 
1./1 


I 
v I 


V 
I 


V 
I 


10-2 
20 
30 
40 
50 
60 
70 
80 
90 
100 110 120 130 140 150 160 


TJ, JUNCTION 
TEMPERATURE 
lOCI 


FIGURE 24 - TYPICAL 
REVERSE LEAKAGE 


® MOTOROLA 


· .. employing the Schottky Barrier principle in if large area metal·to· 
silicon 
power 
diode. 
State-of-the·art 
geometry 
features epitaxial 
construction 
with 
oxide 
passivation and 
metal 
overlap 
contact. 
Ideally 
suited for 
use as rectifiers 
in low'voltage, 
high·frequency 


inverters, free wheeling diodes, and polarity protection diodes. 


• 
Extremely Low vF 


• 
Low Stored Charge, Majority Carrier Conduction 


• 
Low Power Loss/High Efficiency 


• 
DO·7 GlassPackage 


• 
Types Available with "TX" 
Level Testing as 


the MBR020H and.MBR020Hl 


Rating 
Symbol 
Value 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
20 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
DC Blocking Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
24 
Volts 


RMS Reverse Voltage 
VR(RMS) 
14 
Volts 


Average Rectified 
Forward 
Current 
10 
500 
mA 


(VR(equiv) 
•• 0.2 VR(del, 
TA = 50°C, 


R8JA ""200oCIW. 
P.C. Board Mounting) 


Ambient 
Temperature 
TA 
70 
°c 


(Rated VRldel. 
PFIAV) 
= O. 


R8JA = 2000C/Wi 


Non·Repeptitive 
Peak Surge Current 
'FSM 
5.0 
(for 
one cycle) 
Amp 
(Surge applied at rated load conditions, 
half-wave, 
single phase 60 Hz, T A ""70oe) 


Operating 
and Storage Junction 
TJ, Tstg 
-65to+125 
°c 
Temperature 
Range (Reverse 


Voltage 
applied) 


Peak Operating 
Junction 
Temperature 
TJlpki 
150 
°c 


(Forward 
Current 
applied) 


Characteristic 


Thermal 
Resistance, Junction 
to Ambient 


Characteristic 
Symbol 
Value 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
Volts 
Voltage III 
(iF = 100 mAl 
0.350 


(iF = 250 mAl 
0.400 


(iF = 500 mAl 
0.500 


Maximum 
Instantaneous 
Reverse Current 
iR 
mA 


@ Rated de Voltage 11) 
(TL ~ 250CI 
0.50 
ITL'1000C) 
5.0 


(1) Pulse Test: Pulse Width:: 
300 ps, Duty Cycle - 2.0%. 


MBR020 
MBR020H 
MBR020Hl 


SCHOTTKY 
RECTIFIERS 


K 


CATHOOE 
rF I 


BAND 
--l 
...•..• 
;u;::~--'- 
rt·-'j 
L 


S.84 
7.61 
0.130 
0.300 
1.16 
1.71 
0.085 
0.107 
0.46 
0.56 
0.018 
0.011 
1.17 
0.050 
15.40 
1.000 


All JEDEC dimensions ind nOles applv 


CASE 51-02 
00·204AA 
100·7) 


MECHANICAL 
CHARACTERISTICS 


. Hermetically 
sealed glass 


.AII external 
surfaces 


corrosion·resistant 
and the terminal 


leads are readily solderable 


. Cathode 
indicated by 


polarity 
band 


. Any 


.2200C 1/16'" from 


case for ten seconds 


Reverse power 
dissipation 
and 
the 
possibility 
of 
thermal 
runaway 
must be considered when operating 
this 
rectifier 
at 
reverse voltages above 0.1 VRWM' Proper derating may be accom- 
plished by useof equation (1). 


TA(max) 
=TJ(maxi 
-AOJAPFIAVI 
-AOJAPAIAV) 
III 


where 
TA(max) :: Maximum allowable ambient temperature 
TJ(max) :: Maximum allowable junction temperature 
(12SoC or the temperature at which thermal 
runaway occurs, whichever is lowest) 


PF(AV)::: Average forward power dissipation 
PR(AV):Z: Average reversepower dissipation 
R8JA :: Junction-to-ambient 
thermal resistance 


Figure 1 permits easier use of equation (1) by taking reverse 
power dissipation 
and thermal runaway into consideration. 
The 
figure 
solves for 
a reference temperature 
as determined 
by 
equation (2l. 


TA • TJlmaxi 
- AOJAPAIAV) 


Substituting equation (2) into equation (1) yields: 


TAlmaxi' 
TA - AOJAPFIAVI 


Inspection 
of equations (2) and (3) reveals that 
TR 
is the 
ambient temperature at which thermal runaway occurs or where 
TJ ::: 12SoC, when forward 
power is zero. The transition 
from 


one boundary 
condition 
to the other 
is evident on the curves 
of Figure 1 as a difference in the rate of change of the slope in 
the vicinity 
of 
10SoC. The data of Figure 1 is based upon dc 
conditions. 
For use in common 
rectifier 
circuits, 
Table 1 indi- 
cates suggested factors for 
an equivalent dc voltage to use for 
conservative design, that is: 


VAlequiv) 
= VinlPKI 
X F 
141 


The factor F is derived by considering the properties of the various 
rectifier circuits and the reversecharacteristics of Schottky diodes. 


EXAMPLE: 
Find TA(max) 
for MBR020 operated in a 12-volt 
de supply using a bridge cIrcuit with 
capacitive filter 
such that 


IDC = 0.4 A IIFIAVI 
= 0.2 AI. 
IIFMI/I(AVI 
• 10. Input Voltage 
• 10 Vlrms). 
AOJA' 
200oC/W. 


Step 1. Find VR(equiv). Read F::: 0.65 from Table 1, 
:. VAlequivi 
= (1.411110110.65)' 
9.2 V. 
Step 2. Find TR from Figure 1. Read TR :::96°C 
@VA = 9.2 V and AOJA = 200oC/W. 


Step 3. F;nd PF(AVI from F;gure 2. Aead PFIAV)' 
0.15 W 


IIFMI 
@T(AVj=1OandIFIAVI=0.2A. 


Step 4. Find TA(max) from equation (3). 


TA Imaxl = 96 - (200110.151• 66°C. 
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V 
lp 
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TIME 
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oTJl' 
Ppk' 
R8JlIO +(1 
- DI· rllt 
+tpl 
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where.6TJL:: theincreasein junctiontemperatureabovetheleadtemperature 
L--- 
r(t):: normalizedvalueof transientthermalresistanceattime,t, from 
FigUle3,for llCample,r(tl 
+ tp):: normalizedvalueof transient 
- 


thermalresistance 
attime,tl +tp. 
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Since 
current 
flow 
in 
a Schottky 
rectifier 
is the 
result 
of 
majority 
carrier 
conduction, 
it is not subject 
to junction 
diode 
forward 
and 
reverse recovery 
transients 
due to minority 
carrier 


injection 
and stored charge. Satisfactory 
circuit 
analysis work 
may 
be performed 
by 
using a model 
consisting 
of an ideal diode 
in 
parallel with a variable capacitance. 
(See Figure 7.1 
Rectification 
efficiency 
measurements show that operation 
will 


be 
satisfactory 
up to 
several megahertz. 
For 
example. 
relative 
waveform 
rectification 
efficiency 
is approximately 
70 per cent at 
2.0 MHz. 
e.g.• the ratio 
of dc power 
to RMS power in the load 
is 0.28 
at 
this 
frequency, 
whereas perfect 
rectification 
would 
yield 
0.406 
for sine wave inputs. However, in contrast to ordinary 
junction 
diodes, 
the 
loss in waveform 
efficiency 
is not indicative 
of power loss; it is simply 
a result of reverse current flow through 


the diode capacitance, which 
lowers the dc output 
voltage. 


NOTE 2 - MOUNTING 
DATA 


Data shown for thermal 
resistance junction-to-ambient 
(R8JAI 
(or the mountings 
shown is to be used as typical 
guideline 
values 
for 
preliminary 
engineering, 
or in case the tie point 
temperature 
cannot be measured. 
Values shown 
for 
Mounting 
Methods 
1 and 2 apply 
for nor- 
mally encountered 
situations. 
If the amount 
of copper is unusually 
small, R8JA can approach 
300oCIW. 
If the cathode le~d is tied to 
an "infinite 
heat sink". 
R8JL 
is 800C/W 
maximum 
at a point 


1/32" 
from 
the cathode end. Heat conduction 
through 
the anode 


lead is negligible. 


TYPICAL VALUES FOR ROJA IN STILL AIR 


Mounting 
Lead Length, L (in) 


Method 
1/4 
I 
7/8 
ROJA 


1 
200 
I 
250 
°C/W 


2 
200 
I 
250 
°CIW 
3 
'20 
°CIW 


Mounting Method 3 


P.C. Board with 
1·1/2" 
X 1-1/2" 
copper surface. 
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TJ -250e 
f= 
1.0 MHz 


PRODUCTION 
PROCESS: 


'. 
Raw Material 
2. F ac tory 
Processing 


INSPECTION 
LOT 
FORMATION 


AFTER 
FINAL 
ASSEMBLY 


OPERATION 
(SEALING) 


100% PROCESS 
CONDITIONING 
,. 
Internal 
Visual 
Inspection 


2. 
High 
Temperature 
Storage 


3. Temperature 
Cycling 


4. Constant 
Acceleration 
5. Hermetic 
Seal (Fine 
and Gross) 


The M BR020 is also available with two levels of extra testing 


similar 
to 
"TX" 
screening 
and 
Including 
Group 
A and 
B inspectIon 


programs. Both the MBR020H and MBR020Hl 
go through 100% 


screening consisting of internal visual inspection, high temperature 
storage, temperature 
cycling, 
constant acceleration and hermetic 


seal testing prior to a sample being submitted 
to Group A and B 


inspection. After completion of Group B inspection. the MBR020H 
is available without 
additional 
screening. MBR020H 1 devices are 


further 
processed through a high temperature reverse bias (HTRB) 
and forward burn-in. Consult factory for details. 


100% POWER 
CONDITIONING 


1. Electrical 
Test 


2. HTRB 
(160 
Hrs Min) 


3. Electrical 
Test (PDA 
= 10) 


4. DC Forward 
Burn·ln 
(24 Hrs Min) 


5. Electrical 
Test (PDA 
'" 10) 


PREPARATION 
FOR 


DEl/VERY 


@ MOTOROLA 


emploYing 
the 
Schottky 
Barrier 
principle 
In a large 
area 
metal-la-silIcon 
power 


diode 
State 
of 
the 
art 
geometry 
features 
epitaxial 
constructIon 
with 
oXide 
passiva- 


tion 
and 
metal 
overlap 
contact 
Ideally 
sUited 
for 
use 
as rectifiers 
In low-voltage. 


high-frequency 
Inverters, 
free 
wheeling 
diodes. 
and 
polarity 
protection 
diodes. 


• 
E)( tremely 
Low 
vF 
• 
Low Stored Charge. MaJor,ty 


Carrier 
Conduction 


Rating 
Symbol 
MBR320M 
MBR330M 
MBR340M 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking Voltage 
VA 


Non·Repetitive 
Peak Reverse Voltage 
VRSM 
24 
36 
48 
Volts 


Average Rectified 
Forward Current 
10 
Amp 
VAlequiv)';; 
0.2VA 
Ide!, TC' 
65°C 
.. 
15 
.. 


VAlequiv!';; 
0.2 VA,ldel, 
TL = 90°C 
.. 
3.0 
.. 


I AeJA = 250C/W, 
P.C. Board 
Mounting, 
See Note 3) 


Ambient 
Temperature 
TA 
°c 
Aated VA Ide), 
PFIAV) 
; 0 
65 
60 
55 
AeJA 
= 250C/W 


Non-Repetitive 
Peak Surge Current 
'FSM 
Amp 


(surge applied at rated load condi- 
~ 
500 (for 
1 cycle) ~ 


tions. halfwave, single phase 60 Hz) 


Operating 
and Storage Junction 
TJ,Tstg 
~ 
-65 to +125 ~ 
°c 
Temperature 
Range I Reverse 
Voltage applied! 


Peak Operating Junction 
Temperature 
TJlpk) . 
150 
•.. 
°c 


(Forward 
Current 
Applied) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Maximum 
Instantaneous Forward 
vF 
Volts 


Voltage 111 
(iF = 5.0 Ampl 
- 
- 
0.450 


Maximum 
Instantaneous Reverse 
iR 
mA 


Current@ 
rated dc Voltage (1) 


TC: 
25°C 
- 
- 
10 


TC: 
l00"C 
- 
- 
75 


MBR320M 
MBR330M 
MBR340M 


SCHOTTKY 
BARRIER 
RECTIFIERS 


3 AMPERES 
20,30,40 
VOLTS 


MILLIMETERS 
INCHES 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
11.43 
- 
0.450 


B 
- 
8.89 
0.350 


C 
7.62 
0.300 


0 
1.17 
1.42 
0.046 
0.056 


K 
24.89 
- 
0.980 
- 


CASE: 
Welded, hermetically 
sealed construction. 


FINISH: 
All external surfaces corrosion-resistant 
and the terminal 
leads are readily 


solderable. 


POLARITY: 
Cathode to case. 


MOUNTING 
POSITIONS: 
Any 


Reverse power dissipation and the possibility of thermal runavvay 
must be considered when operating this rectifier at reverse voltages 
above 0.1 VRWM. 
Proper derating may be accomplished by use 
of equation (1): 


TAlmaxl 
= TJlmaxl 
- 
ROJA PFIAV) 
- 
ROJA PRIAVI 
III 


where 


T A(max) 
= Maximum 
allowable ambient temperature 


TJ(max) 
=- Maximum allowable junction 
temperature 


(12Soe or the temperature 
at which ther- 


mal runaway occurs, whichever is lowest). 


PF (A V) = Average forward power dissipation 


PR(AV) 
= Average reverse power dissipation 


R8JA = Junction-to-ambient 
thermal resistance 


Figures 
1, 2 and 3 permit 
easier use of equation 
(1) 
by taking 
reverse power dissipation and thermal runaway into consideration. 
The 
figures solve for a reference temperature 
as determined 
by 
equation 
(2): 


TR = TJlmaxl 
- 
ROJA PRIAVI 
121 


Substituting 
equation (2) into equation (1) Yields: 


TAlmax) 
= TR - 
ROJA PFIAV) 
(3) 


Inspection of equatlons (2) and (3) reveals that TR is the ambient 
temperatureatwhich 
thermal runaway occurs or where TJ = 12S0e. 


when 
forward 
power 
is zero. 
The transition 
from one boundary 
condition 
to the other 
is evident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope in the vicinity 


of 11Soe. 
The data of Figures 1, 2 and 3 is based upon dc condi- 


tions. 
For use in common 
rectifier 
circuits, Table I indicates sug- 


gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 


VRlequivl 
= VINIPKI 
x F 
141 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky 
diodes. 


Example: 
Find TA(max)for 
MBR340M 
operated in a 12-Volt 
dc 
supply using a bridge circuit with capacitive filter such that IDe 
=- 


10 A 
IIFIAV) 
= 5 AI. 
IIPKI/IIAVI 
= 10. Input Voltage = 10 
Vlrmsl. 
ROJA = lOoC/W. 


Step 1: 
Find VR(equiv). 
Read F =- 0.65 from Table I :. 


VRlequivl 
= 11.41)(10)(0.651 
= 9.2 V 


Step 2 
Find TA from Figure 3. 
Read TR 
= 117oe@ 
VA 
= 


9.2 V & ROJA = lOoC/W. 


Step 3: 
Find PFIAV) 
from Figure 4. 
Read PFIAVI 
= 6.3 W 


@IIPKI= 10 & IFIAVI 
= 5 A 


IIAV) 


Step 4: 
Find! 
AI~axl 
from equation 131.TAl maxi = 117·1101 
16.31- 54 C. 
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FIGURE 4 - 
FORWARD 
POWER DISSIPATION 
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Data ~hown 
for 
thermal 
resistance 
junction-ta-ambient 


(ROJA) 
for 
the mountings 
shown 
is 10 be used as typical 
guideline 
values for 
preliminary 
engineering. 


To dett/mme 
malrmum 
Junellon 
temperalUfl' ollht 
diode m it gtven SI1Udllon, 


Ihe foltowtng prOCtdure is recommended 


The temperalure 
ollhe 
uS! should be measured uSing a thtrmocouple 
plitced 
on lht 
case .1 Ihe lemperalure 
reference 
po,nl lsee NOle Jl 
The Ihflmal 
mau 


connrtted 
10 Ihe case.snormaUy 
targe enough so lhll 
tlwlll 
notslgn,f,unlly 


rnpondlohulsurgngeneraled 
Inlhedtodtasa 
resull of pulsedoperitllO nonce 


neady·nate 
cond.llonsareachleved 
Uttng the me.Hured value of TC' lhe luncllon 


lemperaluremaybedelermlnedby 


TJ. 
TC ."·TJC 


where r, TJC iSlhe mcrease In Junction lemperllure 
above Ihe uS! ltmpeUlure 


Ilmay 
be determined 
by 


6 TJC· 
Ppk 'ROJC [0. 
(l. 
0) 
r(q 
tIp) 
t flIp) - ,(lj)) 


where 


fIt) '" normahnd 
value ot crans,enllhermalreslstitncealltme.l.lromFlgure 


!lie 
rIll 
tIp)"' 
nQ,m"hzed value ofUan$lenllhermitl,eSlSlance 
all,me 
'l'lp 


LEAD 
LENGTH, 
L (IN) 


MOUNTING 


METHOD 
1/4 
1 
ROJA 
, 
55 
60 
°C/W 


2 
65 
70 
°C/W 
3 
25 
°C/W 


MOUNTING 
METHOD 1 


~ 


MOUNTING 
METHOD 2 


~ 
~: 


FIGURE 6 - 
APPROXIMATE 
THERMAL 
CIRCUIT MODEL 


ReCA 
700C/W 


Use 
of 
the 
above 
model 
permits 
calculation 
of 
average 


junction 
temperature 
for 
any 
mounting 
situation. 
Lowest 


values 
of 
thermal 
resistance 
will 
occur 
when 
the 
cathode 


lead 
is brought 
as close 
as possible 
to 
a heat 
dissipator; 
as 


heat 
conduction 
through 
the 
anode 
lead 
is small. 
Terms 


in the 
model 
are defined 
as follows: 
•Cas. temperature 
reference 


i, at cathode 
end. 


T A 
= Ambient 


T AA 
= Anode 
Heat Sink 
Ambient 


T AK 
= Cathode 
Heat Sink 
Ambient 


TLA 
= Anode 
Lead 


T LK 
= Cathode 
Lead 
T J = Junction 


ROCA = Case to Ambient 
ROSA = Anode 
Lead Heat Sink 
to Ambient 


ROSK = Cathode 
Lead Heat Sink 
to Ambient 


ROLA 
= A node 
Lead 


Re L:K = Cathode 
Lead 


ReCL 
= Case to Cathode 
Lead 
Re JC 
= Ju netion 
to Case 


R8JA 
= Junction 
to Anode 
Lead (S bend) 
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Prior to surge, the rectifier is operated 
such 
that TJ = 100oe; VR AM may be applied be· 


tween 
each cycle 
of surge. 
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MBR320M 
20 V 
- 
MBR330M 
30 V 


-MB R340M - 40 V 


SInce current flow In a Schottky 
rectifier is the result of majority 
carner conduction, 
it is not subject to junction 
diode forward and 


reverse recovery tranSients due to minority 
carrier injection and 
stored charge. Satisfactory circuit analysis work may be performed 
by uSing a model consisting of an Ideal diode in parallel with a 
variable capacifa,nee. (See Figure 10), 


Rectification 
effiCiency 
measurements show that operation will 


be satisfactory 
up to 
several megahertz. 
For example, relative 
waveform rectification 
efficiency 
ISapproximately 
70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is 
0.28 at this frequency, whereas perfect rectification 
would yield 


0.406 
for 
sine wave inputs. 
However, in contrast to ordinary 
junction diodes, the loss In waveform efficiency is not Indicative of 
power loss; it is simply a result of reversecurrent flow through the 
diode capacitance, which lowers the dc output voltage. 


@ MOTOROLA 


. employing 
the Schottky 
Barrier principle 
in a large area metal· 


to·silicon power diode. 
State of the art geometry features epitaxial 
construction with oxide passivation and metal overlap contact. 
Ideal- 


ly suited for use asrectifiers in low-voltage, high-frequency inverters. 
free wheeling diodes, and polarity 
protection 
diodes. 


• 
Extremely 
Low vF 


• 
Low Stored Charge, Majority 
Carrier Conduction 


• 
Low Power Loss/High Efficiency 


• 
High Surge Capacity 


Rating 
Symbol 
MBR1520 
MBR1530 
MBR1540 
Unit 


Peak Repetitive Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
24 
36 
48 
Volts 


Average Rectified Forward Current 
'0 
.. 
15 
.. 
Amp 


IVRlequ"I"O.2 
VRldcl, TC' 8aPe 


Ambient 
Temperature 
TA 
95 
90 
85 
°c 


Rated VRldcl, 
PF{AVI 
= 0, 
I 
! 
ROJA = 5.0oCIW 


Non· Repetitive 
Peak Surge Current 
'FSM 
---- 
500 (for 
1 cycle) ------- 
Amp 


(surge applied at rated load condi· 


ttons, 
halfwave. 
single 
phase, 
60 
Hz) 


Operating and Storage Junction 
TJ,Tst9 
..-.-- 
-65 to + 125 ------... 
°c 
Temperature 
Range 
(Reverse 


voltage 
applied) 


Peak Operating Junction Tempera- 
TJ{pkl . 
150 
.. 
°c 
ture (Forward Current Applied) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Maximum Instantaneous Forward 
vF 
Volts 
Volrage (11 
liF = 15 Ampl 
- 
- 
0.550 


Maximum Instantaneous Reverse 
;R 
mA 


Current@ rated dc Vottage 
111 
- 
- 
10 


TC = 100°C 
- 
- 
75 


MBR1520 
MBR1530 
MBR1540 


SCHOTTKY 
BARRIER 
RECTIFIERS 


15 AMPERE 
20,30,40 
VOL TS 


CASE; 
Welded, hermetically 
sealed 


FINISH: 
All external surfaces corrosion resistant 
and terminal lead is readily solderable. 


POLARITY: 
Cathode to Case 


MOUNTING 
POSITION' 
Any 


STUD TORQUE: 
15 in. lb. max 


Reverse power dissipation and the possibility 
of thermat runaway 
must be considered when operating this rectifier at reversevoltages 
above 0.2 VRWM. 
Proper derating may be accomplished by use 
of equation 111: 


TAlmax) 
= TJlmax) 
-A8JA 
PFIAVI 
- 
A8JA PAIAV) 
III 


where 
T Almax) 
"" Maximum aliowable ambient temperature 


TJ(maxl 
c Maximum allOW'ablejunction 
temperature (12SoC 
or the temperature at which thermal run8YVay 
occurs, whichever is lowest). 


PF(AV):Z 
Average forward power dissipation 


PR(AV) 
:E Average reverse power dissipation 


R8JA ""'Junction-to-ambient 
thermal resistance 
Figures 1, 2 and 3 permit 
easier use of equation 
(1) by taking 
reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature 
as determined 
by 
equation (2): 


TA' 
TJlmax) 
- A8JA·PAIAV) 
12) 


Substituting 
equation (2) into equation 111yields: 


TAlmax) 
= TA - 
A8JA PFIAV) 
(3) 
Inspection of equations {21 and (31 reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ := 1250C. 
when forward 
power is zero. 
The transition 
from one boundary 
condition 
to the other is evident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope in the vicinity 
of 11SoC. The data of Figures 1, 2 and 3 is based upon dc condi- 
tions. 
For use in common rectifier 
circuits, Table I indicates suit 
gested factors for an equivalent de voltage to use for conservative 
design; i.e.: 


VAlequiv) 
= VinlPKI 
x F 
14) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reversecharacteristics of Schottky 
diodes. 


Example: 
Find TAlmax) 
for MBR1540 operated in- a 12-Volt dc 
supply using a bridge circuit 
with capacitive filter such that IDe 
a: 
10 A 
IIFIAV) 
• 
5 A), 
I(PKI/I(AVI 
• 
20. 
Input 
Voltage· 
10 
Vlrm,). 
A8JA • 50C/W. 


Step 1: 
Find VAlequiv). 
Aead F = 0.65 from Table I :. 


VAlequiv) 
= (1.41)(10)(0.65) 
= 9.18 V 


Step 2: 
Find TA from Figure 3. 
Aead TA = 121oC@VA 
= 9.18 
& A8JA 
= 50CIW 
Step 3: 
Find PFIAVI 
from Figure 4. Aead PFIAVI 
= 10.5 W 
IIPK) 
@IIAVi20& 
IFIAV) 
= 5 A 


Step 4: 
Find TA(max) 
from equation (3), 
TA(max) 
= 121-(51 
110.51 = 68.50CI. 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave, 


Center Tapped (1) 12 


Load 
Resistive I Capacitive(1) 
Resistive I Capacitive 
Resistive I 
Capacitive 


Sine Wave 
05 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 
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6 TJC' 
Ppk . R'JC 
10. II - 01· 
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-+ lpl 
-+ dtp)-r!q)/ 
- 
where 
- 


11 TJC = the Increase 
In junction lemperature above the case temperature 
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r(t)" 
normalized value of HanSlent 
(herma! 
resisfance at time. l. from FIgure 8. i.e: 


r(1t 
-+ tpl '"normalized value of transient thermal resislance at time. 
I) 
-+ 'p. 


FIGURE 
9 - NORMALIZED 
REVERSE CURRENT 
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Since current flow in aSchottk V rectifier is the result of majority 


carner conduction. 
it is not subject to junction diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injection 
and 


stored 
charge. 
Satisfactory 
circuit 
analysis 
work may be performed 


by using a model consisting of an ideal diode in parallel with a 
variable 
capacitance. 
(See 
Figure 
11 I, 


Rectification 
efficiency 
measurements show that operation 
will 


be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example. 
relatIve 


waveform 
rectification 
efficiency 
IS approximately 
70 per cent at 


2.0 MHz, e.g.. the ratio of dc power to RMS power 
In the load IS 


0.28 at this frequency. 
whereas perfect 
rectifIcation 
would 
yield 


0.406 
for 
Sine wave Inputs. 
However, 
in contrast 
to ordinary 


junction 
diodes. the loss In waveform efficIency 
is not Indicative of 
power loss; It ISsimply a result of reverse current flow through the 
dIode capacitance. which lowers the de output 
voltage. 


® MOTOROLA 


· .. employing 
the Schottky 
Barrier principle in a large area metal·to· 


silicon power diode. State of the art geometry features epitaxial 
con· 
struction 
with 
oxide passivation and metal overlap contact. 
Ideally 
suited for 
use as rectifiers 
in low·voltage, 
high·frequency 
inverters, 


free wheeling diodes, and polarity 
protection 
diodes. 


• 
Extremely 
Low VF 


• 
Low Stored Charge, Majority 
Carrier Conduction 


• 
Low Power Loss/H igh 


Efficiency 


• 
High Surge Capacity 


Rating 
Symbol 
MBR2520 
MBR2530 
MBR2540 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
Working 
Peak 
Reverse 
VOltage 
VRWM 
20 
30 
40 
Volts 
DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak 
Reverse 
Voltage 
VRSM 
24 
36 
48 
Volts 


Average Rectified 
Forward Current 
10 
• 
25 
• 
Amp 


VRlequiv.) 
';;;0.2 VRldcl, 
TC: 
80°C 


Ambient 
Temperature 
TA 
uc 


Rated VRldel, 
PFIAVI 
• 0 
90 
85 
80 
ReJA • 3.50CIW 


Non-Repetitive 
Peak Surge Current 
IFSM 
Amp 


Isurge appl ied at rated 
load 
~ 
800 (for 1 cycle) ~ 


oonditions. 
halfwave. single phase, 


60 Hz! 


Operating 
and Storage 
Junction 
TJ. Tstg 
~-65 
to +125~ 
°c 
Temperature 
Range 
(Reverse 
voltage appl ied) 


Peak 
Operating 
Junction 
Temperature 
TJ (pk) .• 
150 
. 
°c 
(Forward 
Current 
Applied) 


THERMAL 
CHARACTERISTICS 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


Chafecteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
Volts 


Voltage 111 


(iF' 
25 Amp) 
- 
- 
0.550 


Maximum 
Instantaneous 
Reverse 
Current 
iR 
- 
- 
20 
mA 


@RateddeVoltagelll 
(TC' 
10o"Cl 
- 
- 
150 


MBR2520 
MBR2530 
MBR2540 


SCHOTTKY 
BARRIER 
RECTIFIERS 


25 AMPERE 
20, 30, 40 VOL TS 


". 


MILlI"'ETUS 
1~I1E" 
nln. 
•u. 
... 
.u . 
. 
10.n 
11.10 
0.424 
0.417 
. 
11.4H 
, 
10.29 
1I.4sn 
, 
O.HO 
, 
1.91 
4.H 
n.lI75 
O.IH 
, 
... 
o.on 
" 
'-' 
0.01> 
, 
" , 
11.S1 
0.421 
O.Hl 
, 
20.l2 
, 
, 
,. 
0.07' 


Q 
'-' 
O.n/.o 


MECHANICAL 
CHARACTERISTICS 
CASE: 
Welded, 
hermetically 
sealed 
FINISH: 
All external 
surfaces 
corrosion 


resistance 
and 
terminal 
lead 
is 


readily 
solderable. 


POLARITY: 
Cathode to Case 
MOUNTING 
POSITIONS: 
Any 


STUD TORQUE: 
15 in. lb. Max 


Reverse power dissipation and the possibility of thermal runaway 
must be considered when operating this rectifier at reverse voltages 
above 0.2 
VRWM. 
Proper derating may be accomplished by use 
of equation (1): 


TAlma.)· 
TJlma.) 
- R8JA PFlAV) 
- 
R8JA PRlAV) 
(1) 
where 
T A(max) 
= Maxi!"Tlumallowable ambient temperature 


TJ{max) = Maximum allO'lllablejunction temperature 
(12SoC 
or the temperature 
at which thermal runaway 
occurs, whichever is lowest). 


PF (A V) 
= Average forward power dissipation 


PR(AV) 
= Average reverse power disSIpation 


ROJC = Junction-to-ambient 
thermal resistance 
Figures 
1, 2 and 3 permit 
easier use of equation 
(11 by taking 
reverse power dissipation and thermal runaway into considerijt.on. 
The 
fIgures solve for a reference temperature 
as determined 
by 
eQuation (2): 


TR = TJlma.1 - R8JA PRIAV) 
12) 


Substituting equatIon (21 Into equation (1 t yields: 


TAlma.) 
= TR - 
R8JA PFIAVI 
131 
Inspection of equations (2) and (3) reveals that TA 
IS the ambient 


temperature at which thermal runaway occurs or where TJ = 1250C. 


when 
forward 
power 
is zero. 
The transition 
from one bou ndary 
condition 
to the other is evident on the curves of Figures 1, 2 and 


3 as a difference 
in the rate of change of the slope in the vicinity 


of 1150C. 
The data of Figures 1, 2 and 3 is based upon dc condi- 


tions. 
For use in common 
rectifier circuits, Table I indicates sug- 


gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 
VRlequivl 
= VinlPK) 
• F 
14) 
The Factor F is derived by considering the properties of the various 
rectifier circuits and the reverse characteristics of Schottky 
diodes. 


Example: 
Find TA(max) 
for MBR254Q 
operated in a 12-Volt de 


supply using a bridge Circuit with capacitive filter such that IOC = 
16 A IIFlAV) 
= 8 AI, 
ItpK)/llAV) 
= 20, Input 
Voltage = 10 
Vlrms), 
R8JA = 50C/W. 


Step 1: 
Find VRlequiv). 
Read F = 0.65 from Table 
t 
: 
VRleQuiv) = 11.41)(10)(0.65) 
= 9.18 V 


Step 2. 
FindTR 
from Figure 3. Read TR = 1130C@VR 
=9.18 


& R8JA = 50C/W 
Step 3: 
Find PF(AV) 
from FIgure 4. 
Read PF(AVI 
= 14.8 W 


IIPK) 
@IIAV; 
20 & IFlAV) 
= 8 A 


Step 4: 
Find T A(max) 
from equation (31. T A(max) 
= 113·(SI 


114.8) "39°C 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave, 


Center Tapped 01, (21 


Load 
Resistive I Capacitive (11 
Resistive I 
Capacitive 
Resistive I 
Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
15 
0.75 
I 
0.75 
1.5 
I 
1.5 


(11 Note that VR (PKI ::::::2 Vln(PK) 
121Use tine to center tap voltage for Vin. 


FIGURE 
1 - 
MAXIMUM 
REFERENCE TEMPERATURE 
- MBR2520 
FIGURE 2 - MAXIMUM 
REFERENCE TEMPERATURE 
- 
MBR2530 
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FIGURE 4 - FORWARD POWER DISSIPATION 
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FIGURE 
9 - 
NORMALIZED 
REVERSE 
CURRENT 
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Since current flow In aSchottky 
rectifier isthe result of majority 
carrier conduction, 
it is not subject to junction diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injection 
and 
stored 
charge. 
Satisfactory 
circuit 
analysis 
work 
may be performed 
by 
uSing 
a model consisting of an ideal diode in parallel with a 
variable 
capacitance. 
(See Figure 11 L 


Rectification 
effiCiency measurements show that operation 
Will 


be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example, 
relative 
waveform 
rectification 
efficiency 
is approximately 
70 per cent at 
2.0 MHz, e.g., the ratio of dc power to RMS power in the load 
IS 


0.28 at this frequency, 
whereas perfect 
rectification 
would 
yield 


0.406 
for 
sine wave Inputs. 
However, 
in contrast 
to ordinary 


junction 
dIodes, the loss In waveform effIciency 
IS not indicative 
of 
power loss; It is sImply a result of reverse current flow 
through 
the 


diode capacitance, which 
lowers the dc output 
voltage. 


® MOTOROLA 
MBR 3020 CT 
MBR 3035 CT 
MBR 3045 CT 


SCHOTTKY 
BARRIER 
RECTIFIERS 


Switchmode Power Rectifiers 


using the Schottky Barrier principle with a platinum 
barrier metal. These state-of-the-art devices have the follo- 
wing features: 


Dual diode construction 
Guarding for stressprotection 
Low Vf 
1500 C Operating Junction Temperature 


30 AMPERES 
20 to 45 VOLTS 


Rating 
Symbol 
MBR3020CT 
MBR3035CT 
MBR3046CT 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
20 
35 
45 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
DC Blocking 
Voltage 
VR 


Average 
Rectified 
Forward 
Current 
10 
30 
Amp 


1Rated VR) IT c=95°C 


Case Temperature 
(Rated 
VR) 
TC 
145 
°c 


Non·repetitive 
Peak Surge 
Current 
(Surge 
applied 
at rated 
IFSM 
400 
Amp 
load conditions. 
halfw8ve, 
single phase. 
60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
TJ. Tstg 
-65 
to 
°c 
+150 


Peak Operating 
Junction 
Temperature 
TJ(pk) 
175 
°c 


(Forward 
Current 
Applied) 


Voltage 
Rate of Change 
(Rated 
VR) 
dv/dt 
1000 
Y/J.lS 


Characteristic 


Thermal 
Resistance. 
Junction 
to Case 


Characteristic 
Symbol 
MBR3020CT 
MBR3035CT 
MBR3046CT 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
11) 
vF 
Volts 


liF = 20 Amp,TC 
= 
125:C) 
.60 
.60 
.60 


(~F = 60 Amp, 
T C = 
125 Cl 
.95 
,95 
.95 
(IF = 60 Amp, 
T C = 25°CI 
1.00 
1.00 
1.00 


Maximum 
Instantaneous 
Reverse 
Current 
(11 


(Reted 
dc Voltage, 
T C = 125°CI 
iR 
60 
60 
60 
mA 


IRated 
dc Voltage, 
T C = 25°CI 
1.0 
1.0 
1.0 


Capacitance 
Ct 
2000 
2000 
2000 
pF 


100 


70 


50 


30 


V> 
"'- 
20 
~ 


•....z 
~ 
10 
.x:~ 
u 


Cl 
7 
a: 
ex: 
5 
3: 
a: 
0 
•.•... 


V>~ 
3 
0wz 
ex: 
2 
I-z 
ex: 
l- 
V> 
Z 


r .•••• 


7 ./ 


/ 


T =1 50 / / 


7 


.- - 
/ 
2 °c 
/7 


II1 
I 


I 
1I 
.:. 
1 
0.2 0.4 
0.6 
0.8 
1.0 
1.2 


vF. INSTANTANEOUS 
FORWARD VOLTAGE (VOLTS) 


MILLIMETERS 
INCHES 
D'" ..,. 
••• 
X 
..,. 
10•• 
• 
"l7 
I" • 
• 
1101 
.1'" 
C 
6l 
161 
01. 
o lOll 
D 
095 
IO'J 
0019 
Oll4l 


E 
34] 
ol]S 
, 
1"9. 
JO'O 
1111 
1\91 
II 
1067 
1118 
o ,t10 
0440 
H 
III 
\\9 
Om 
0210 
, 
1664 
1115 
0655 
0615 
I 
Il~L 1219 
0440 
048. 


o 
J 14 
'09 
O-I~1 
iJi61 
R --- 
166J 
IG!.O 


-1'i 
or 
~ 


liihOr 
l-- 


75 
C 


71; 
C 
- 


I-z 
wa: 
a:~u 


~ 
.1 
a: 
w> 
wa: 


~ 
.0110 
20 
30 


VR. REVERSE VOLTAGE (VOLTS) 


CURRENT DERATING PER DIODE 
80 


60 
V> 
"'-~ 


I- 
40 
z 
wa: 
a:~ 
10, 
u 
20 
Cl 
a: 
ex: 
3: 
a: 
0 
0 
•.•... 


70 
90 
110 
130 
150 


@ MOTOROLA 
MBR3520 MBR3535 
MBR3545 
MBR3545H, HI 


. employing the Schottky Barrier principle in a large area metal- 


to-silicon power diode. State-of-the-art 
geometry features epitaxial 
construction 
with 
oxide passivation 
and metal overlap contact. 


Ideally suited for use as rectifiers 
in low-voltage, 
high-frequency 
inverters, free-wheeling 
diodes, and polarity-protection 
diodes. 


• 
Extremely Low vF 


• 
Low Stored Charge, Majority 
Carrier Conduction 


• 
TX Version Available 


• 
Low Power Loss/ 


High Efficiency 


• 
High Surge Capacity 


SCHOTTKY 
BARRIER 
RECTIFIERS 


-·1 
I 
I 
I 


TJ 


1 


1S0~C 
Aoc 


V / 


,/ 
/ 
, 


J I 
V 
I1/ 


I 
I 


I 


~ 
100 


'"~~ 
z~ 
,0 
~ 
=> 
u 
:i' 
30 
'"~~~ 
=>~ 
z 
~ 
10 
~ 
"~ ,0 


30 


01 
04 
0.6 
08 
10 
11 


vF.INSTANT 
ANEOUS 
FORWARQ 
VOLTAGE 
(VOL 
151 


onl 
IoI1LLlNTLWS 
I'CIII<; 


n.n. 
.II"~• 
.,n. 
..._. 
, 
10.71 
11.10 
u.~:l 
1l.~~7 
. 
(l. ~~J 


C 
ID.!'! 
n .• 
~11 


D 
O.!511 


C 
1.91 
•. ~5 
II. U~S 
\1. 
1 ~ ~ 
, 
.., 
1I,1l!' 
" 
.., 
n.lI!> 


J 
1(I. 7 ~ 
'1.51 
I'. 1~! 
!l.l'..; 
, 
ZO.;! 
,'" 
L 
L(l 
0.018 


Q 
.., 
U.Ol>ll 


CASE: 
Welded, 
hermetically 
sealed 


FINISH: All 
external 
surfaces 
corrosion- 


resistant 
and 
terminal 
leads 
are 
readily solderable. 


POLARITY: 
Cathode 
to case 


MOUNTING 
POSITIONS: 
Any 


STUD 
TORQUE: 
15 in. lb. mox 


MBR3545 
Rating 
Symbol 
MBR3520 
MBR3535 
MBR3545H. 
H1 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
20 
35 
45 
Volts 


Working 
Peak Reverse Voltage 
VRWM 


DC Blocking 
Voltage 
VR 


Peak Repetitive 
Forward 
Current 
IFRM 
70 
70 
70 
Amp 
(Rated VR, Square 
Wave, 20 kHz) 
TC = 90°C 
TC =.900C 
TC = 90°C 


Average 
Rectified 
Forward 
Current 
10 
30 
30 
30 
Amp 


(Rated VR) 
TC = 90°C 
TC = 90°C 
TC = 90°C 


Case Temperature 
(Rated VR) 
TC 
140 
140 
140 
°c 


Non-repetitive 
Peak Surge 
Current 
(Surge 
applied 
at rated 
IFSM 
600 
600 
600 
Amp 


load conditions, 
halfwave, 
single 
phase, 
60 Hz) 


Operating 
andtStorage 
Junction 
Temperature 
Range 
TJ' Tstg 
-65 
to 
-65 
to 
-65 
to 
°c 


+150 
+150 
+150 


Peak Operating 
Junction 
Temperature 
TJ(pk) 
175 
175 
175 
°c 
(Forward 
Current 
Applied) 


Voltage 
Rate 01 Change 
(Rated VR) 
dv/dt 
1000 
1000 
1000 
vlJ.ls 


Characteristic 


Thermal 
Resistance. 
Junction 
to Case 


-- 


MBR3545 
Characteristic 
Symbol 
MBR3520 
MBR3535 
MBR3545H, 
H1 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
(1) 
vF 
Volts 


(iF = 30 Amp. TC = 125°CI 
0.55 
055 
0.55 


(iF = 78.5 Amp, TC = 700CI 
- 
- 
- 
(iF = 78.5 Amp, TC = 125°C) 
0.70 
0.70 
0.70 


Maximum 
Instantaneous 
Reverse 
Current 
(1) 
iR 
75 
100 
150 
mA 


(Rated de Voltage, 
TC = 125°C) 


Capacitance 
(VR - 1.0 Vdc. 100kHz;;' 
I;;' 
1.0 MHz) 
Ct 
4000 
4000 
4000 
pF 


:r 
::;; 80 


"">-~~ 


~ 
60 
o~ 
«~ 
o 
40 


>;; 


~ 
20 
~ 
'"~ 


~ 
0 
60 


- 
r=TJ ~ II00e 


125°C 


C----- 
IOOoe 


== 
75°C 
- 
Iloe 


~ 100 
.5 


>-z~ 
10 
~ 
=> 
u~~ 10 
~ 
"' 
01 


PRODUCTION 
PROCESS: 


,. 
Raw Mat.rial 
2. Factory 
Processing 


INSPECTION 
LOT 
FORMATION 
AFTER 
FINAL 
ASSEMBLY 
OPE.RATION 
(SEALING) 


,. 
High Temperature 
Storage 
2. Temperature 
Cycling 


3. Constant 
Acceleration 
4. Hermetic 
Seal (Fine 
and Gross) 


The MBR3545 
is also available 
with two levels of extra testing 
similar to "rx" screening 
and including 
GroupA 
and B inspection 
programs. 
Both tha 
MBR3545H 
and MBR3545H1 
go through 
100% screening 
consisting 
of high temperature 
storage. temper· 


ature 
cycling, 
constant 
acceleration 
and hermetic 
seal testing 
prior to a sample being submitted 
to Group A and B inspection. 


After completion 
of Group B inspection. 
the MBR3545H 
is avail- 
able without 
additional 
screening. 
MBR3545H1 
devices 
are 
further 
processed 
through 
a high 
temperature 
reverse 
bias 


(HTRB) 
and 
forward 
burn-in. 
Consult 
factory 
for 
details. 


100% POWER 
CONDITIONING 
1. Electrical 
Test 
2. HTRB 
(160 
Hrs Min) 
3. Electrical 
Test (PDA 
,. 10) 


4. DC Forward 
Burn-In 
(24 
Hrs Min) 


5. Electrical 
Test (PDA 
- 
10) 


PREPARATION 


FOR 
DELIVERY 


® MOTOROLA 


employing the Schottky 
Barrier principle 
in a large area metal-to-silicon 
power 
diode. 
State 
of the 
art geometry 
features 
epitaxial 
construction 
with 
oXide passlVa· 


tion 
and metal overlap contact. 
Ideally suited 
for 
use as rectifiers 
In low-voltage, 


high-frequency 
inverters, free wheeling diodes, and polarity 
protection 
diodes. 


• 
Extremely 
low YF 
• 
Low Stored Charge, Majority 
Carrier Conduction 


Rating 
Symbol 
MBR4020 MBR4030 
MBR4040 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
20 
30 
40 
Volts 


DC Blocking 
Voltage 
VR 


Non·Repetitive 
Peak Reverse Voltage 
VRSM 
24 
36 
48 
Volts 


Average Rectified 
Forward Current 
10 . 
40 
.. 
Amp 


VRlequivl 
';0.2 
VRldc). 
TC = 70°C 


Ambient 
Temperature 
Rated VRldcl. 
PFIAVI' 
0, 
TA 
100 
95 
90 
°c 
ReJA • 2.00C/W 


Non-Repetitive 
Peak Surge Current 
IFSM 
(surge applied at rated load conditions 
~ 
800 (for 1 cycle) ~ 
Amp 
halfwave. single phase, 60 Hz) 


Operating and Storage Junction 
TJ,T sty 
Temperature 
Range (Reverse 
~-65to+125~ 
°c 
voltage applied) 


Peak Operating Junction 
Temperature 
TJlpkl 
_150 
•. 
°c 
(Forward 
Current Applied) 


CharK1eriltic 


Thermal Resistance, Junction 
to Case 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Maximum 
Instantaneous Forward 
vF 
Volts 
Voltage III 
(iF = 40 Amp) 
- 
- 
0.630 


Maximum 
Instantaneous Reverse 
iR 
mA 


Current@rated 
dc Voltage (1) 
- 
- 
20 
TC'loooC 
- 
- 
150 


MBR4020 
MBR4030 
MBR4040 


SCHOTTKY 
BARRIER 
RECTIFIERS 


40 AMPERE 
20,30,40 
VOL TS 


I d ] 


~l 


~~ 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
16.94 
17.45 
0.667 
0.687 
8 
- 
16.94 
0.667 


C 
11.43 
- 
0.450 


D 
9.53 
0.375 
E 
2.92 
5.08 
0.115 
0.200 
F 
- 
2.03 
- 
0.080 


H 
1.52 
- 
0.060 
- 


J 
10.72 
11.51 
0.422 
0.453 
K 
25.40 
- 
1.000 


l 
3.86 
0.152 
- 


P 
5.59 
6.32 
0.220 
0.249 


D 
3.56 
4.45 
0.140 
0.175 


NOTES, 


1. Dimension "p" is diameter. 
2. All JEDEC dimensions and notes apply. 


CASE257·01 


00·5 


CASE: 
Welded, hermetically 
seated 


FINISH: 
All external surfaces corrosion resistant 
and terminal lead is readilv solderable. 


POLARITY, 
Cathode to C_ 


MOUNTING 
POSITION, 
Any 


STUD TORQUe, 
25 in. lb. Max 


Reverse power 
dissipation 
and the possibilitY 
of thermal 
runavvay 
must be considered when operating 
this rectifier 
at reverse voltages 


above 
0.2 
VRWM. 
Proper derating 
may be accomplished 
by use 
of equation 
(1): 


TA(mox) 
= TJ(mox) 
-ROJA 
PF(AV) 
- 
ROJA PR(AV) 
(1) 


where 


T A(max) 
::.Maximum 
allowable 
ambient 
temperature 


T Jlmax) 
:: Maximum 
allowable junction 
temperature 
(12SoC 


or the temperature 
at which 
thermal 
runaway 


occurs, whichever 
IS lowest). 


PFIAVI 
:: Average forward 
power dissipation 


PR(AVI 
:: Average reverse power dissipation 


ROJC :: Junction·to-ambient 
thermal 
resistance 


Figures 
1, 2 and 3 permit 
easier use of equation 
(1) 
by 
taking 
reverse power 
dissipation 
and thermal 
runaway 
into consideration. 


The 
figures 
solve for 
a reference 
temperature 
as determined 
by 


equation 
(2): 


Substituting 
equation 
(2) into equation 
(1) yields: 


TAlmox) 
= TR - 
ROJA PFIAV) 
(3) 


Inspection 
of equations 
(21 and (3) reveals that TR is the ambient 


temperature 
at which thermal 
runaway occurs or where TJ :: 12SoC. 


when 
fOlWard 
power 
is zero. 
The tranSition 
from 
one boundary 
condition 
to the other 
is evident 
on the curves of Figures 1. 2 and 
3 as a difference 
in the rate of change of the slope in the vicinity 
of 
11SoC. 
The data of Figures 1, 2 and 3 is based upon dc condi- 


tions. 
For use in common 
rectifier 
circuits, 
Table 
I indicates sug- 


gested factors for an aquivalent 
dc voltage 
to use for conservative 
design; I.e.: 


VR(equiv) 
= VinlPKI 
x F 
141 


The Factor F is derived by considering 
the properties 
of the various 
rectifier 
circuits and the reverse characteristics 
of Schottky 
diodes. 


Example: 
Find TA(msx) 
for MBR4040 
operated 
in a 12-Volt 
dc 


supply 
using 8 bridge circuit 
with capacitive 
filter 
such that IDe· 


30 A 
IIFIAV) 
= 15 AI, 
ItpK)/IIAVI 
= 10, 
Input 
Voltage 
= 
10 
Vlrmsl. 
ROJA = 30C/W. 


Step 1: 
Find VRlequivl. 
Read F = 0.65!rcm 
Teble I:. 


VRlequiv) 
= 110111.41)10.65) • 9.18 V 


Step 2: 
Find TR from Figure 3. Read TR .= 118°C 
@ VR = 9.18 V 
& ROJA 
= 30CM 
Step 3: 
Find PFIAVI 
from 
Figure 4. 
Read PFIAV)' 
25 W 
IIPKI 


@'IAvi 
10 & IFIAVI' 
15 A 


Step 4: 
Find 
T A1lr.ax) 
from 
equation 
131. T Almox) 
• 
118.(3) 


1251 = 43 
C. 


Circuit 
Half Wave 
Full We.e. Bridge 
Full Wav., 


Contor Topped 11).12) 


load 
R'sistive 
I Capacitive 
(1) 
Resistiv. 
I 
Capacitiv. 
ResistivI 
I 
CapacitivI 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 


Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 


111Note that VRIPK) 
"= 2 VinlPKI 


F-IGUR E 1 - MAXIMUM 
REFERENCE 
TEMPERATURE 
- MBR4020 


G 


~ 
115 


;:'~ 
~ 
105 


~ 
w 
u 
~ 
95 


w 
w 
~ 
85 
~ 


FIGURE 
2 - MAXIMUM 
REFERENCE 
TEMPERATURE 
- MBR4030 


125 


E? 
FIGURE 
4 - 
FORWARD 
POWER DISSIPATION 


~ 
64 
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'"~ 
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~ 
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=> 
u 
w> 
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'"~ 
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Prior to surge. the rectifier is operated such 
that TJ '" 1000e; 
VRRM mayb.lpplied 


between each cycl. of surge 
iiili 
I 


•• 40 
~ 
j 


<> 
~ 
24 
~~ 
~ 
16 
~ 
> 
SINE 
WAVE 
} 
I 
": 8.0 
CAPACITIVE 
~. 
20-10 
:;; 
lOADS 
IIAVI 


~ 
CURVES 
APPl 
Y WHEN 
REVERSE 
POWER 
IS NEGLIGIBLE 


066 
74 
82 
90 
98 
106 
114 
122 


TC. CASE TEMPERATURE I'CI 


J. 
~I-- 
I ZOJCltl' 
ROJe • rltl 
I 
l-- 
rrJLPk 
DUTY CYCLE, 0 z tp/ll 
~ 
tp 
TIME 
PEAK 
POWER, 
Ppk. 
IS peak 
of an 


'--11- 
equivalent 
square power pulse 


6 TJC" 
Ppk' 
ROJC ID + (1 - OJ· 
rln 
+ tp)+ 
f(lp) 
- r(I1)1 


where 


t::. TJC " the mcrease in junction 
temperature 
.bove 
the case temperature 


r(t) = normahzed vllue of tr.nsient 
thermal resIStance It lim., 
t, from Figure 8. i.t.: 


rtfl + tp)" 
nor~IIiZed 
~'Jue 01 trlnSl.n~ t~~r~,' 
resistance.t lime. t1 + lp. 


I lmr 
I 
I 
I 
11111\ 
I I 
I 
I 
I 


I-- VR' 
VRWM 
/ 
/ 
/ 
./ 


i' 
V 
,/ 
.;' 
-- 


"7 
- 


-- 


~ 
3.0 


~ 
2.0 


'"'"~ 
1.0 


~ 
0.7 


~ 
0.5 


" 
~ 
0.3 


~ 
0.2 
~ 
'"a: 
0.1 


0.07 


005 
25 


1111 
f': 
TJ' 
25'C 
- 
......•... 
..... 
...... 


:--..." 
~ 


I)( 
MBR4020 


I 
=~BR4030 


T 
MBR4040 
TT 
II111 


4000 


~3000 


'-' 
~ 
2000 


~ 
1500 


" 
~. 1000 


BOO 


600 


TJ'125'C 
- 
- 
-- 


-1'" -- 
- 
""7 
~-...;r' 
r 


~ 
100'e 


~ 
~ 
--- 


75'e 
- 
./ 
- 


--t25'e 
- 
I 


~ 
MBR4020 
20V- 
~ 
MBR4030 - 30 ~ == 
--- 
-- 
MBR4040 - 40 V == 


200 


;{ 
100 
S5 
50 


'" 
~ 
20 


~ 
10 


~ 
5.0 


Since current flow in a Schottky 
rectifier is the result of majority 


carrier conduction, 
It is not subject to junction diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injectton 
and 
stored charge. Satisfactory 
circuit analysis work may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable 
capacitance. 
(See 
Figure 
111. 


RectificatIOn effIcIency measurements show that operation will 


be satisfactory 
up to several megahertz. 
For example, relative 


waveform rectificatIon 
effiCIency ISapproxlmatelv 
70 per cent at 


2.0 MHz, e.g., the ratio of dc power to RMS power In the load IS 
0.28 at thiS frequency, 
whereas perfect rectIfication 
would yield 


0406 
for 
SIne wave Inputs 
However, In COr'1trastto ordinary 


junctton diodes, the loss In waveform effiCiency ISnot indicatIve of 
power Joss;It ISSImply a result of reverse current flow through the 
diode capacitance, which lowers the dc output VOltage 


The excellent heat transfer property 
of the heavy duty copper 


anode terminal which transmiu 
heat away from the die requires 


that caution 
be used when attaching wires. Motorola 
suggests8 
heat sink be clamped between the eyelet and the body during any 
soldering operation. 


® MOTOROLA 


· .. employing the Schottky 
Barrier principle in a large area metal· 


to·silicon 
power diode. State of the art geometry features epitaxial 
construction 
with 
oxide 
passivation and metal overlap 
contact. 


Ideally suited for 
use as rectifiers 
in low·voltage, 
high·frequency 


inverters, 
free 
wheeling 
diodes, and 
polarity 
protection 
diodes. 


• 
Extremely 
Low vF 


• 
Low Stored Charge, Majority Carrier Conduction 


• 
Low Power Loss/High Efficiency 


• 
High Surge Capacity 


MAXIMUM 
RATINGS 


Rating 
Symbol 
MBR4020PF 
MBR4030PF 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
20 
30 
Volts 


DC Blocking Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
24 
36 
Volts 


Average Rectified 
Forward 
Current 
10 - 
40 
.. 
Amp 


VRlequiv) 
';;0.2 
VRlde!. 
TC = SOoC 


Ambient 
Temperature 


Rated 
VR(dcl. 
PFIAV!' 
O. 
TA 
100 
95 
°c 


R8JA 
= 2.00C/W 


Non-Repetitive 
Peak Surge C•..•'rent 
'FSM 
~ 
800 (for 1 cycle)~ 
Amp 
(surge applied at rated load conditions 
halfwave, 
single phase. 60 Hz) 


Operating 
and Storage Junction 
TJ.Tst9 
°c 
Temperature 
Range (Reverse 
~ 
-65 to +125~ 


voltage applied) 


Peak Operating 
Junction 
Temperature 
TJ(pkl 
----150- 
°c 
(Forward 
Current 
Applied) 


THERMAL 
CHARACTERISTICS 


Ch.raeterirtic 
I 
Symbol 
I 
Max 
Unit 


Thermal 
Resistance, Junction 
to Case 
R8JC 
I 
1.3 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
ITC = 25°C 
unle" 
otherw"e 
noted.! 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
Volts 


Voltage 
111 
10F' 
40 Ampl 
- 
0.57 
0.630 


Maximum 
Instantaneous 
Reverse 
iR 
mA 


Current 
@ rated dc Voltage 
(1) 
- 
- 
20 
TC'l00oC 
- 
- 
150 


MBR4020PF 
MBR4030PF 


SCHOTTKY 
BARRIER 
RECTIFIERS 


40 AMPERE 
20,30, VOLTS 


~J 


--1 [-0~-1 
-~bi; 
lK 
TlJ 
.~- 
H 
C 


SEATING 
PLANE 
1= B =1 
I 
t 


MILLIMETERS 
INCHE< 


DIM 
MIN 
MIN 
MAX 


A 
15.494 
16.256 
0.610 
D.64D 
B 
12.725 
12.B21 
0.50\ 
0.505 
C 
5.08 
6.35 
0.200 
0.260 
D 
1.193 
1.346 
0.041 
0.063 
E 
2.032 
4.B26 
0.080 
0.150 


F 
-, 
lD.11 
- 
4 
4.572 
6. 50 
.18 


J 
- 
3.556 
0.1' 
X 
12.10 
- 
D 500 


CASE: 
Welded, hermetically 
sea!ed 


FINISH: 
All externa.l surfaces corrosion 
resistant 
and terminal 
lead is readily solderable. 


POLARITY: 
Cathode 
to Coso 


MOUNTING 
POSITION: 
Any 


WEIGHT: 
9 grams 
(Approximately) 


TR ;TJlmax) 
- ReJA PRIAV) 


SubstItuting 
equation 
121into equation 
(11 yields 


TAlmax); 
TR - 
ReJA PFIAV) 
13! 


Inspection of equations 
(2) and (31 reveals that TR is the ambient 
Step 4: 
Find TA(max) 
from equation (3), 


temperature atwhich 
thermal runaway occurs or where TJ = 12S0C. 
TAlmax) 
= 118·(3) (25) ;::43°C. 


TABLE 
I - 
VALUES 
FOR FACTOR 
F 


Reverse powe1 dissipation 
and the possibility 
of thermal runaway 


must be considered 
when operating 
this rectifier 
at reverse voltages 


above 0.2 VRWM. 
Proper derating may be accomplished by use 


of equation (11: 


TAlmax! 
; TJlmax! 
- ReJA PFIAVI 
- 
ReJA PRIAV) 


where 


TA(max) 
= Maximum 
allowable ambient temperature 


TJlmaxl 
::::Maximum 
all O'Nable junction 
temperature 
112SoC 


or the temperature at which thermal runaway 
occurs, whichever 
is lowest) 


PFIAV) 
= Average forward power dissipation 


PR(AV) 
= Average reverse power dissipation 


R8JA :: Junction-to-ambient 
thermal resistance 


Figures 
1 and 
2 permit 
easier use of equation 
(1) by 
taking 


reverse power dissipation and thermal runaway into consideration. 
The figures 
solve for a reference temperature 
as determined 
by 


equation (2): 


when forward 
power 
is zero. 
The transition 
from 
one boundary 
condition 
to the other 
is evident on the curves of Figures 1 and 
2 as a difference 
in the rate of change of the slope in the vicinity 
of 1TSoC. The data of Figures 1 and 2 is based upon dc condi· 
tions. 
For use in common 
rectifier 
circuits. 
Table I indicates sug- 


gested factors for an equivalent dc voltage to use for conservative 
design; i.e.: 


VRI.quiv)· 
VinlPKI 
x F 
(41 


The Factor F is derived by considering the properties of the various 
rectifier 
circuits and the reverse characteristics of Schottkv 
diodes. 


Example: Find TAlmaxl 
for MBR4030PF operated in a 12·Volt dc 


supply using a bridge circuit 
with capacitive filter such that IDe:: 


30 A (IFIAV) 
• 
15 A!. 
IIFM)IIIAV) 
= 10. Input 
Voltage = 10 


Vlrmsl. 
ReJA; 
30C/W. 


Step l' 
. Find VR(equiv)' 
Read F:: 
0.65 from Table I:. 


VRlequlv! 
= (10)(1.41)(0.65) 
= 9.18 V 


Step 2; 
FindTR 
from Figure 2. ReadTR = 118°C@VR=9.18V 


& ReJA 
; 30C/W 
Step 3. 
Find PF(AV) 
from Figure 3. Read PF(AVI 
:: 25 W 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave, 


Center Tapped (11.(2) 


Load 
Resistive ICapacitive (1) 
Resistive I Capacitive 
Resistive I Capacitive 


Sine Wave 
0.5 
I 
1.3 
0.5 
I 
0.65 
1.0 
I 
1.3 
Square Wave 
0.75 
I 
1.5 
0.75 
I 
0.75 
1.5 
I 
1.5 
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PrlOf 
10 surge. 
the rectifier 
IS operated 
such 
thaI TJ" loooe, VRAM may be applied 
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Pk 
DUTY CYCLE, 0" 
Ipill 
Ip 
_ 
PEAK 
POWER. 
Ppk. 
IS peak of an 
l- 
lJ 
-l 
TIME 
eQurvalenlsquarepowl!lpuls.e 


~ TJC" 
Ppk' 
RIIJe ID. 
(J 
~ 0)· 
r(l1 
+ tpl + Itlp} - r(1111 


••... 
where 
1--- 
~ TJC " the Increase In Junction temperature 
above the case temperature 


r(ll" 
normalized 
value 
ol,ffanslenl 
thermal 
reSISlanct 
alllme,l, 
trom 
Figure 
1, i.e.: 
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Since current 
flow in a Schottky 
rectifier 
is the result 
Df majority 
carrier conduction, 
it is not subject to junction 
diode forward and 


reverse recovery transients due to minority 
carrier injection 
and 
stored 
charge. 
Satisfactory 
circuit 
analysis 
work 
may be performed 
by using a model consisting of an ideal diode in parallel with a 
variable 
capacitance. 
(See Figure 
101- 


Rectlflc.ation 
effIciency measurements show that operation 
will 


be satisfactory 
up to seyeral megahertz. 
For example. relatIve 
waveform 
rectifIcation 
effiCiency 
1$approximately 
70 per cent at 
2.0 MHz, e.g., the ratio of de power to RMS power 
In the load IS 


0.28 
at thIS frequency. 
whereas perfect rectification 
would yield 
0.406 
for 
Sine wave inputs. 
However. in contrast 
to ordinary 
junction diodes. the loss In waveform effiCiency ISnot Indicative of 
power loss; it is Simply a result of reverse current flow through the 
diode capacitance, which lowers the dc output voltage. 


Recommended procedures for mounting are asfollows: 


1. Drill 
1!I hole in the heat sink 0.499 ± 0.001 inch in diameter. 


2. Break the hole edge asshown to provide a guide into the hole 
and prevent shearing off 
the 
knurled side of the rectifier. 


3. The depth and width 
of 
the break should be 0.010 inch 
maximum 
to 
retain 
maximum 
heat 
sink surface contact. 


4. To 
prevent 
damage to 
the 
rectifier 
during 
press·in, the 
pressing force should be applied only on the shoulder ring 
of the rectifier case. 


5. The 
prelSing force 
should 
be applied 
evenly 
about 
the 
should.r 
ring to 8void tilting 
or canting of the rectifier case 
in the hole during the preIS-in operation. Also, the use of a 
thermal lubricant luch 81D.C. 340 will be of considerable aid. 


For more information 
lie: 
Mounting Techniques for Metal Pack. 


agedPower Semiconductors, AN·S99. 


TYPICAL 
THERMAL 
• 


RESISTANCE 
CASE 


TO SINK 
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· .. employing the Schollky Barrier principle in a large area metal- 
lo-silicon 
power diode. State-of-the-art 
geometry features epitaxial 
construction 
with 
oxide passivation 
and metal 
overlap 
contact. 
Ideally suited for use as rectifiers 
in low-voltage. 
high-frequency 
inverters. free-wheeling 
diodes. and polarity-protection 
diodes. 


• 
Extremely Low vF 


• 
Low Stored Charge. Majority 
Carrier Conduction 


• 
TX Version Available 


• 
Low Power Loss/ 


High Efficiency 


• 
High Surge Capacity 
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'F.INST 
ANTANEOUS 
FORWARD 
VOLTAGE 
IVOl TSI 


MBR6020 MBR6035 
MBR6045 
MBR6045H, HI 


SCHOTTKY BARRIER 
RECTIFIERS 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
16.94 
17.45 
0.661 
0.681 
1 
- 
16.94 
- 
0.661 
C 
- 
11.43 
- 
0.450 
D 
- 
9.53 
- 
0.315 
E 
1.91 
5.08 
0.115 
0.100 
F 
- 
1.03 
0.080 
H 
1.51 
- 
0.060 
- 


J 
10.12 
11.51 
0.422 
0.453 
K 
- 
15.4J 
- 
1.000 


l 
3.16 
- 
0.152 
- 
, 
5.59 
6.32 
0.220 
0.249 
0 
3.56 
4.45 
0.140 
0.175 


NOTES; 


1. DimenSIOn "p" is diameter. 
2. All JEOEC dimensions and not.s apply. 


CASE 2S7·DT 
DO·S 


CASE: 
Welded, hermetically 
sealed 


FINISH: 
All 
external 
surfaces 
corrosion- 


resistant and terminal 
lead is readily 
solderable. 


POLARITY; 
Cathode to case 


MOUNTING 
POSITIONS: 
Anv 


STUO TORQUE: 
25 in. lb. max 


MBRe04B 
Rlting 
Symbol 
MBRB020 
MBRe03B 
MBRe04BH, 
Hl 
Unit 


Peak Repetitive 
Revers. Volt_liI_ 
VRRM 
20 
35 
45 
Volls 
Working Peak Revers. Voltage 
VRWM 
DC Blocking Voltage 
VR 


Peek 
Repetitive 
Forward 
Current 
IFRM 
120 
120 
120 
Amp 


(Rated VR, Square Wave. 20 kHz) 
TC ~ 90'C 
TC ~ 90'C 
TC ~ 90'C 


Average 
Rectified 
Forward 
Current 
10 
50 
50 
50 
Amp 
(Ratad VRI 
TC~90'C 
TC ~ 90'C 
TC ~ 90'C 


Cu. 
Temperatur. 
(Rated 
VRI 
TC 
140 
140 
140 
'c 


Non-repetitive 
Peak 
Surge 
Current 
(Surge 
applied 
at rated 
IFSM 
800-.- 
Amp 


load 
conditions. 
halfwav 
•. single 
phase. 
60 
Hz) 


Operating 
and 
Storage 
Junction 
Temperature 
Range 
TJ. T51g 
-6510 
-65 to 
-65 to 
'c 
+150 
·150 
+150 


Peak 
Operating 
Junction 
Temperature 
TJ(pkl 
175 
175 
175 
'c 


(Forward 
Current 
Applied) 


Voltage 
Rate 
of Change 
IAated 
VR) 
dv/dl 
1000 
1000 
1000 
v/lJ$ 


Cherlcteri.tic 


Thermal 
ReSistance, Junction 
to Case 


MBRe046 
Chlt.cleri.tic 
Symbol 
MBRe020 
MBRe036 
MBRe046H, 
Hl 
Unit 


Ma.w.imum 
Instantaneous 
Forward 
Voltage 
11) 
vF 
Volts 


(IF ~ 157 Amp, TC ~ 70'CI 
- 
- 
- 


(IF ~ 157 Amp, TC ~ 125'CI 
080 
0.80 
0.80 


Ma.imum 
Instantaneous 
Reverse 
Current 
(1) 
'R 
75 
100 
150 
mA 


(Rated 
dc Voltage. 
TC :: 125°C) 


Capacitance 
(VR:: 
1,0 Vdc. 
100 
kHz ~ f ~ 
1.0 
MHz) 
Ct 
4000 
4000 
4000 
pF 


~ 
160 
~ 


~ 
140 


a 120 
c 
~ 
100 
~ 
~ 
80 


~ 
60 


~ 
40 


'"~ 
20 


~ 
060 


""- 
1""- 
VR "0 


VR" 
RATi~ 
"" 
"'- 


'" 
I" 20 kHz 
I'\. " 


SOUA~E WAVE OPERATION 
'\ 
'\ 
'\ '\ 


1000 


"i 
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.5~ 
z~ 
10 
~ 
G 
~ 10 
~~ 
<i 


01 


f-" 


e-TJ 
ISaoC 


= 


125°C 
- 
100°C 
- 
- 
7SoC 


- 
21'e 


PRODUCTION 
PROCESS: 


1. Raw Material 
2. Factory 
Processing 


INSPECTION 
LOT 
FORMATION 
AFTER 
FINAL 
ASSEMBLY 


OPE.RATION 
(SEALING) 


1. High Temperature 
Storage 
2. Temperature 
CYcling 


3. Constant 
Acceleration 
4. Hermetic 
Seat (Fine 
and Gross) 


The MBR6045 
is also available with two levels of extra testing 


similar to "TX" screening and including 
Group A and B inspection 
programs. 
Both the MBR6045H 
and MBR6045Hl 
go through 


100% screening 
consisting 
of high temperature 
storage, temper- 


ature cycling, 
constant 
acceleration 
and hermetic 
seal testing 


prior to a sample being submitted 
to Group A and B inspection. 


After completion 
of Group B inspection, 
the MBR6045H 
is avail- 


able without 
additional 
screening. 
MBR6045Hl 
devices 
are 


further 
processed 
through 
a high temperature 
reverse 
bias 


(HTAB) 
and 
forward 
burn-in. 
Consult 
factory 
for 
details. 


100% POWER 
CONDITIONING 
1. Electrical 
Test 
2. HTRB 
(160 
Hrs Min) 


3. Electrical 
Test (PDA:o 
10) 


4. DC Forward 
Burn-In 
(24 
Hrs Min) 
5. Electrical 
Test (PDA 
:; 10) 


PREPARATION 


FOR 


DELIVERY 
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. employing the Schottky Barrier principle in a large area metal- 
to-silicon power diode. State-of-the-art 
geometry features epitaxial 


construction 
with 
oxide passivation 
and metal overlap contact. 
Ideally suited for use as rectifiers 
in low-voltage. 
high-frequency 
inverters. free-wheeling 
diodes. and polarity-protection 
diodes. 


• Extremely Low vF 
• Low Power Lossl 


• Low Stored Charge. Majority 
High Efficiency 


Carrier Conduction 
• High Surge Capacity 
• TX Version Available 
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MBR7520 MBR7530 
MBR7535 MBR7540 
MBR7545 
MBR7545H, HI 


SCHOTTKY 
BARRIER 
RECTIFIERS 


75 AMPERES 
20 to 45 VOLTS 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 
A 
16.94 
17.45 
0.667 
0.687 


8 
- 
16.94 
- 
0.667 
C 
- 
11.43 
- 
0.450 
0 
9.53 
- 
0.375 
E 
2.92 
5.08 
0.115 
0.200 
F 
- 
2.03 
- 
0.080 


H 
1.52 
J.OGO 
J 
10.72 
11.51 
0.422 
0.453 
K 
25.40 
- 
1.000 


l 
3.86 
0.152 


P 
5.59 
6.32 
0.220 
0.249 


Q 
3.56 
4.45 
0.140 
0.175 


NOTES: 


1. Dimension 
"p" is diameter. 


2. All JEOEC dimensions 
and notes apply. 


CASE 257·0t 
00·5 


CASE: 
Welded, 
hermetically 
sealed 


FINISH: 
All 
external 
surfaces 
corrosion- 
resistant 
and 
terminal 
lead 
is readily 
solderable. 


POLARITY: 
Cathode 
to case 


MOUNTING 
POSITIONS: 
Anv 


STUD TORQUE: 
25 in. lb. max 


Rating 
Symbol 
MBR7520 
MBR7530 
MBR7535 
MBR7540 
MBR7545H.H1 
Unit 
MBR7545 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
20 
30 
35 
40 
45 
Volts 


Working 
Peak Reverse 
VOltage 
VRWM 
DC Blocking 
Voltage 
VR 


Peak 
Repetitive 
Forward 
Current 
'FRM 
150 
Amp 
(Rated 
VR, 
Square Wave, 20 kHz) 
.• 
TC =900C 
.. 


Average 
RectifIed 
Forward 
Current 
10 
70 
• 


Amp 
(Rated 
VR) 
. 


TC=900C 


Non-repetItIve 
Peak Surge 
Current 
IFSM 
• 
1000 
•. 
Amp 
(Surge 
applied 
at rated 
load conditions, 


halfwave. 
single phase, 60 
Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
T J, T stg .• 
-65 
to + 150 
.. 
°c 


Peak OperatIng 
Junction 
Temperature 
T Jlpkl 
.• 
175 
• 
°c 
(Forward 
Current 
Applied) 


Voltage 
Rate 
uf Change 
dv/dt 
.• 
1000 
.. 
v/~s 


IRated 
VR) 


Characteristic 


Thermal 
ResIstance, 
JunctIon 
to Case 


Characteristic 
Symbol 
MBR75201 
MBR75301 
MBR75351 
MBR7540IMB':~~;~5Hl 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
(1) 
vF 
Volts 
(IF = 60 Amp, 
TC = 125°C) 
• 
0.60 
•. 


(IF 
220 Amp, 
TC =1250C) 
.• 
0.90 
•. 


Maximum 
Instantaneous 
Reverse 
Current 
(1) 
'R 
100 
I 


125 
I 


150 
I 


200 
I 


250 
mA 


IRated 
dc Voltage, 
TC = 1250CI 


Capacitance 
Ct 
.• 
4000 
.. 
pF 


(VR 
= 5.0 Vdc, 
100 kHz.s; 
f.s; 
1.0 MHz) 


~ 160 
,. 
:!~ 
z 
~ l20 
'" 
=> 
u 
o 
'"'"~ 
80 
~ 
w>;:: 


~ 
40 


'"~ 
,; 
060 
~ 


'" '" 


I'" I'" 
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-- 


VR'RATED 
r\. 
'\.. 


'\ '\ 
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r\ 
\. 
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,WAVE ~PERA~'DN 
\ \ 


I 
I 
- 


;...- 


TJ ,,'150°C 


-125°C 
>-- 
-, 
r- 
- 
='DD'C 
- 
15°C 


,...- 


= 
25°C 
....- 


~ 
z 
'"'" 
=> 
u 


~ 
1.0 
~ 
'" 
D.' 
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· .. with silicon rectifier chips interconnected and encapsulated intu 
voidless rectifier bridge circuits. 


• 
High Resistance to Shock and Vibration 


• 
High Dielectric Strength 


• 
Built·ln 
Printed Circuit Board Stand·Offs 


• 
U L Recognized 


<I: 
<I: 
<I: 
<I: 
<I: 
<I: 
<I: 


MAXIMUM 
RATINGS 
0 
;; 
N 
'" 
'" 
'" 
~ 
0 
0 
0 
0 
0 
:;( 
<I: 
:;( 
:;( 
<I: 
:;( 
:;( 
c 
c 
c 
c 
c 
c 
C 
Ratmg 
(Per 
Diode) 
Symbol 
:;; 
:;; 
:;; 
:;; 
:;; 
:;; 
:;; 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 


Working 
Peak 
Reverse 
Voltage 
VRWM 
50 
100 
200 400 
600 800 
1000 
Volts 


DC 
Blockmg 
Voltage 
VR 


DC Output 
Voltage 
Resistive 
Load 
Vdc 
32 
64 
127 255 
382 510 
640 
Volts 


Capacitive 
load 
Vdc 
50 
100 
200 400 
600 800 
1000 
Volts 


Sine Wave 
AMS 
Input 
Voltage 
VRIRMSI 
35 
70 
140 280 
420 560 
700 
Volts 


Average 
RectifIed 
Forward 


Curren 
I 


lSlngle 
phase 
bridge 
operation, 
'0 . 
1.0 
. Amp 


reSistive load, 60 Hz. 
TA~750CI 


Non-Repetitive 
Peak 
Surge 


Current 
(Preceded 
and 
'FSM 
~ 
30 
(for 
1 cycle) 
- 
Amp 


followed 
by rated 
current 


and 
voltage. 
T A 
= 75°C I 


Operating 
and 
Storage 
Junction 
T j,Tstg 
Temperature 
Range 
.. 
55to+150~ 
°c 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Typ 
Ma. 
Unit 


Instantaneous 
Forward 
Voltage 
(Per 
Diode) 
vF 
1.15 
1.3 
Volts 
('F = 1.57 Amp. TJ = 250CI 


Reverse 
Current 
(Per 
Diode) 
'R 
- 
10 
~A 


(Rated VR. TA : 250Cl 


MECHANICAL 
CHARACTERISTICS 


CASE: 
Transfer 
Molded 
Plastic 
MOUNTING 
POSITION: 
Anv 


POLARITY: 
Terminal-designation 
on case 
WEIGHT: 
'.8 
grams 
{approxl 


(+) 
for 
DC 
output 
TERMINALS: 
Readily 
solderable 


(-I for 
DC 
output 
connecttOos. 
corrosion 
resistant. 


(AC) 
for 
AC 
Input 


MDAIOOA series 


SINGLE·PHASE 
FULL-WAVE 
BRIDGE 


1.0 AMPERE 
50·1000 VOLTS 


STYLE 
I. 


TERM 
1 pos 
1. AC 
3. AC 


4. NEG 


IMllllMEERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
1499 
1549 
0.590 
0.610 


B 
4.51 
508 
0180 
0.100 


C 
- 
10.51 
0.Bl0 
0 
0.16 
1.01 
0.030 
0040 


F 
1.01 
1.11 
0.040 
0050 


G 
3.6B 
3.94 
0145 ~6~ 
J 
0.56 
0.11 
0.011 


K 
- 
9.01 
- 
0.355 


l 
1.IB 
1.03 
0.010 
0.080 


N 
1.54 
1.19 
0100 
0.110 


R 
9.40 
1003 
0.370 
0395 
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-'ll 


'"'" 
~ 
30 


~~ 
~ 
20 


'"~ 
=>~ 


"" 
~ 
to 
~ 


~ 
-l--1"" I 
I 


/ 


~ 
= =TJ 
-150°C 


25°C 


CL 
30 
~ 
20i5': 
o 
3.0 


cz: 
2.0 
~ 
~ 
1.0 


~z 0.5 
_ 
0.3 


~ 
0.2 


~ 
0.1 


~ 
0.05 
~0.03 


0.6 


~ 


'I!r ~ 2 o~ 


II. 
L 
TJ - 25°C 


./ 
L,....--- ,.... 
-r- 


1 
~ 
5 
10 


~ 
:: 
0.7 
o~ 
<l 
05 
~ 
o 


20 


j 
w 
10 
::;;: 
~ 7.0 


~ 


5.0 


~ 3.0 
~ 
w 
~ 2.0 
- 


•.•..•... 
=tJy 
,•.•..•... 
0 t-~t"J 


.......... 
TJ - 25°C 
I 


0.1 < IF < 1.0 Amp 
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... 
with silicon rectifier chips interconnected and encapsulated into 


voidless rectifier bridge circuits. 


• 
High Resistance to Shock and Vibration 


• 
High Dielectric Strength 


• 
Built·ln 
Printed Circuit Board Stand·Offs 


• 
UL Recognized 


MAXIMUM 
RATINGS 
0 
0 
N 
..• 
'" 
a> 
0 
0 
0 
0 
0 
0 
N 
N 
~ 
N 
N 
N 
N 
of 
of 
of 
of 
of 
of 
0 
0 
0 
0 
0 
0 
0 
Rating 
(Per Diodel 
Symbol 
':; 
:; 
:; 
:; 
:; 
:; 
:; 
Unit 


Peak Repetitive 
Reverse Voltage 
VAAM 
Working Peak Reverse Voltage 
VAWM 
50 
100 
20C 400 
600 800 
1000 
Volts 
DC Blocking Voltage 
VA 


DC Output 
Voltage 


ReSIstive 
Load 
Vdc 
32 
64 
127 255 
382 510 
640 
Volts 


CapacItive 
Load 
Vdc 
50 
100 
200 400 
600 800 
1000 
Volts 


Sine Wave RMS Input Voltage 
VAIAMSI 
35 
70 
140 280 
420 560 
700 
Volts 


Average Rectified 
Forward 


Current 


(single phase bridge operation. 
10 
2.0 
. 
Amp 


resistive load. 60 Hz. 
TA - 550CI 


Non-Repetitive 
Peak Surge 


Current 
(Preceded 
and 
IFSM 
~ 
60 
(for 
1 cyde)~ 
Amp 


followed 
by rated 
current 


and 
voltage. 
TA = 5SoCI 


Operating and Storage Junction 
TJ,Tstg 


Temperature 
Range 
. 
-55 to +165.--. 
°c 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Typ 
Ma. 
Unit 


Instantaneous Forward 
Voltage (Per Diode) 
vF 
1.0 
1.1 
Volts 


liF' 
3.14 Amp. TJ· 
250CI 


Reverse 
Current 
(Per Diodel 
IA 
~A 


IAated VA. TA = 250CI 
- 
10 


MECHANICAL 
CHARACTERISTICS 


CASE: 
T'an.f.r 
Molded Plestic 
MOUNTING 
POSITION: 
Any 


POLARITY: 
Terminal·designatton 
on case 
WEIGHT: 
1.8 grams (approx) 


(+) for DC output 
TERMINALS: 
Aeadily solderoble 


(-) 10r DC output 
connections. 
corrosion 
resistant. 


(AC) 
for 
AC input 


MDA200 series 


SINGLE-PHASE 
FULL-WAVE 
BRIDGE 


2.0 AMPERES 
50·1000 VOLTS 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
1499 
1\ 49 
0\90 
0610 


8 
4.\7 
\.08 
0,180 
0.200 


C 
- 
20.\7 
0810 


0 
0.76 
1.02 
0.030 
0.040 


f 
102 
1.27 
0.040 
0,0\0 


G 
3.68 
3,94 
0.14\ 
0.11\ 


J 
0.\6 
0,71 
0.021 
0.028 


K 
- 
9.02 
0.3\5 


L 
\,78 
1.03 
0.070 
0,080 
N 
2.14 
2.79 
0.100 
0.110 


R 
'.40 
10.03 
0.370 
0.39\ 
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... 
designed for use in a telephone subscriber loop interface circuit. 


See Figure 9. 


• 
High Dielectric Strength 


• 
Built-In Printed Circuit Board Stand-Offs 


MAXIMUM 
RATINGS 


Rating (Per Diode) 
Symbol 
Value 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
100 
Volts 
Working Peak Reverse Voltage 
VRWM 


DC Blocking Voltage 
VR 


Average 
Rectified 
Forward 
Current 
10 
2.0 
Amp 


(Single 
phase 
bridge 
operation, 
resistive 


load, 60 Hz. T A = 55°C I 


Non-Repetitive 
Peak 
Surge 
Current 
IFSM 
60 (for 
1 cycle) 
Amp 


(Preceded 
and 
followed 
by rated 
current 
and voltage, TA = 55°C) 


Operating 
and 
Storage 
Junction 
TJ. Tstg 
-5510+165 
°c 
Temperature 
Range 


Non-Repetitive 
TransIent Protection 
{Fig. 71 
- 
50 
A/J,ls 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
(Per DIode) 
vF 
1.0 
1.1 
Volts 


(oF = 3.14 
Amp. TJ = 250CI 


Reverse Current 
(Per DIode) 
IR 
10 
~A 
(Rated VR, TA = 25°C I 


MECHANICAL 
CHARACTERISTICS 


CASE 
.. 
Transfer 
Molded 
Plastic 


POLARITY 
.. 
Terminal designation on case 


MOUNTING 
POSITION. 
. Any 


WEIGHT 
1.8 grams (approx) 


TERMINALS. 
.. 
. Readily solderable connections, 
corrosion resistant 


TELEPHONE 
SECONDARY 
TRANSIENT 
PROTECTOR 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
14.99 
15.49 
0.590 
0.610 
B 
4.57 
5.0B 
O.lBo 
0.100 
C 
10.57 
- 
0.810 
0 
0.76 
1.01 
0.030 
0.040 
F 
1.01 
1.17 
0.040 
0.050 
G 
3.68 
3.94 
0.145 
0.155 


J 
0.56 
0.71 
0.011 
O.OlB 
K 
9.01 
0.355 
L 
1.78 
1.03 
0.070 
0.080 
N 
1.54 
1.79 
0.100 
0.110 
R 
.40 
10.03 
0.370 
0.395 
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2 - 
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Designers Data Sheet 


passivated, 
diffused-silicon 
dice 
interconnected 
and transfer 


molded 
into void less hybrid 
rectifier 
circuit 
assemblies. 


• 
Large Inrush Surge Capability 
- 
45 A (For 
1.0 Cycle) 


• 
Efficient 
Thermal Management Provides Maximum 
Power Handling 
in Minimum Space 


Designers Data for "Worst 
Case" Conditions 


The Designers 
Data Sheet permIts 
the design of most circuits entirely 
from 


the information 
presented. 
limit 
curves - 
representing 
boundaries 
on device 
characteristics 
- are given to facilitate 
"worst 
case" design. 


MAXIMUM 
RATINGS 


Rating 
{Per Legl 
Symbol 
Al A2 A3 
A4 
A5 
A6 
A7 
AS 
A9 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
Working Peak Reverse Voltage 
VRWM 
25 50 tOO 200 300 400 600 800 1000 Volts 


DC Blocking 
Voltage 
VR 


DC Output 
Voltage 
ResistIve 
Load 
Vdc 
1530 
62 
124 185 250 380 500 620 
Volts 


Capacitative 
Load 
Vdc 
2550 
100 200 300 400 600 800 1000 Volts 


SlOe Willie RMS Input 
Voltage 
VRIRMSI 
18 35 
70 
140 210 280 420 560 
700 
Volts 


Average 
Rectified 
Forward 


Current 


(single phase bridge 
10 
.. 
1.5 
. Amp 


resistive load, 60 Hz, 


see F tgure 
6. 
T A 
== 50°C 


Non-Repetitive 
Peak Surge 


Current. 
(see 
Figure 
2) 
Ami 
rated 
load, 
T J :: 1750C 
IFSM .. 
45 for 
1 cycle 
. 


OperatIng 
and 
Storage 
Junction 


TJ. Tstg . 
-55 
to +175 
. °c 
Temperature 
Range 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Svmbol 
Ma. 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
Drop 
vF 
1.2 
Volts 
IPer Leg) liF 
= 2.4 Amp, 
T J :: 250C) 
Figure 
1 


Maximum 
Re •.••erse Current 
(Rated 
dc Voltage 
'R 
20 
~A 


across 
ac terminals, 
T J = 25°C) 


THERMAL 
CHARACTERISTICS 


Characteristic 
SVmbol 
Ma. 
Unit 


Effecti 
•.••e Bridge 
Thermal 
Resistance. 


Junction 
to Ambient 
(Full-Wa •.••e Bridge 
Operation. 
ROJA 
50 
°C/W 
Typical 
Printed 
Circuit 
Board 
Mounting) 


MECHANICAL 
CHARACTERISTICS 


CASE: 
Transfer·molded 
plastIC 
encapsulatIon. 
MOUNTING POSITION: Anv 


POLARITY: 
Terminal-designation 
embossed 
WEIGHT: 
1.0 gram 
(approx) 


on case 
+DC output 
TERMINALS: 
Readily 
solderable 


-DC output 
connections, 
corrOSion 
reslstan 
t. 


-AC 
enput 


MDA920Al 
thru 


MDA920A9 


SINGLE-PHASE 
FULL-WAVE 
BRIDGE 


~1.5 AMPERES 


25-1000 
VOLTS 


[~s 
~~I 1-1 


I 
--rF 


NOTES 


1 
lEAD 
DIM 
"0" 
TO 
BE 


MEASURED 
WITHIN 
"f" 


2 
LEADS 
fORMED 
TO 
FIT 
INTO 


HOLE0 94 mm 10.031)MIN 


MILLIMETERS 
INCHES 


DIM 
MI. 
MAX 
MI. 
MAX 


A 
6.10 
673 
0.240 
0165 
• 
1.19 
2.1& 
0090 
0.110 


0 
0\1 
0.94 
0010 
0.031 


F 
356 
6.3\ 
0.140 
0.250 


G 
368 
394 
0145 
0.155 


H 
1.02 
1.21 
0040 
0.050 
• 
660 
10.16 
0260 
0400 


l 
19.30 
2105 
0.760 
1.065 
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FIGURE 
5 - 
POWER 
OISSIPATION 
FIGURE 
6 - 
CURRENT 
DERATING 
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The Data of Figure 4 applies for typical wire terminal or printed 
circuit board mounting conditions in still air. Under theseor simi- 
lar conditions, 
the thermal resistance between the diode junctions 
and 
the 
leads 
at the edge of the case is a small fraction 
of the ther· 


mal resistance from junction 
to ambient. 
Consequently. the lead 
temperature is very close to the"junction 
temperature. 
Therefore, 
it is recommended 
that 
the lead temperature 
be measured 
when 
the 
diodes are operating in prototype 
equipment, in order to determine 
if operation 
is within 
the diode temperature ratings. The lead having 
the highest thermal resistance to the ambient will 
yield readings 
closest to the junction 
temperature. 
By measuring temperature as 
outlined, 
variations 
of junction 
to 
ambient 
thermal 
resistance, 
caused by the amount of surface area of the terminals or printed 
circuit board and the degree of air convection, aswell as proximity 
of other heat sources ceaseto be important 
design considerations. 


Bridge rectifiers are used in two basic circuit configurations 
as 
shown by circuits A and B of Figure 7_ The current derating data 
of Figure 6 applies to the standard bridge circuit (A), where IA = lB' 
The derating data considers the thermal response of the Junction 
and is based upon the criteria that the junction 
temperature must 
not exceed rated TJ(max) when peak reverse voltage is applied. 
However, because of the slow thermal responseand the close ther- 


mal coupling 
between the individual 
semiconductor 
die in the 
MDA920A 
assembly, the maximum ambient temperature 
is given 


closely by 


where PT is the total averagepower dissipation in the assembly. 


For the circuit 
of Figure B, use of the above formula will yield 
suitable rating information. 
For example to determine 
TA(max) 
for the conditions: 


- 
TJ' 
25°C 


~ 
= 
If, 
= 


Vir 


..•.... 
Vir = 1.0 V 


.J.--" 


Vir - 2.0 V 


2.0 
.,.~~ 
1.0 


>=>- 
0.7 
~ 
> 
0.5 
~ 
c 
'" 
0.3 
! 
~ 
0.2 
- 


1.0 


0.7 


'" 
0.5 
c 
•...u 
0.4 
::: 
~ 
0.3 
~ 


w 
0.2 
'" 


f-- -I-OATA 
NORMALIZED 
..•. 


TO 1.0 kHz VALUE 


,-~V- 
MEASURED DATA 
111l'Tff:::::~ 
TJ 
=- 115°C 
l>-. 


I 
I" 


I 
" 


CURRENT INPUT WAVEFORM 
25°C 
:" 
I-- 
I-- J\I'v- 
~ 
f-- JU1---- 
\: 
. 


..•......•.. 


~ 
0 Tv 
~~t"T 
I 
TJ-250C 
ITT 


i""'-... 


0.1 < IF < 1.0 AMP 


"" 


..... 


20 


~ 
w 
10 
'" 
>= 
~ 
7.0 


~ 


5.0 


~ 
3.0 
'"w~ 
2.0 
'"- 


50 


30 


- 
w 
20 
uz;: 
U~ 
;5 
10 
u' 


70 


I""'- 
II~ .-- 
I-- 


TJ" 25°C 


..... 
I-- 
I-- 


" 


I'" 


V20ldcl 


P(dcl 
RL 
V20(dC), 
100% (11 


0= 
Plrms) 
=V2olrmsl' 
100% = V20lacl 
+ V20ldcl 


RL 


4V2m 


rr2RL 


O(slneJ 
=-- 


V2m 


2RL 


8 
100% = - 
100% = 81.2% 


.2 


For a square wave 


Input 
of amplitude Vm. 


the efficiency 
factor 
becomes: 


V2m 


RL 


O(squarel = --·1000-, 
= 100% 
V2m 


RL 


As 
the 
frequency 
of 
the 
Input 
signal 
IS increased, 
the 
reverse 


recovery time of the diode (Figure 9) becomes significant, result- 
mg 
In an 
increasing 
ae voltage 
component 
across A L which 
IS 


OPPosite 
in polarity 
to 
the 
forward 
current, 
thereby 
reducing 
the 
value of the efficiency factor o. as shown on Figure 10. 


It should be emphasiz~d that Figure 10 shows waveform effi- 


ciency only; it does not provide a measure of diode losses. Data 
was obtained 
by measunng the ac component of Vo with a true 
rms ac voltmeter and the dc component with a dc voltmeter. 
The 
data was used In Equation 1 to obtain POints for Figure 10. 
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. diffused silicon dice interconnected 
and transfer molded into 
rectifier circuit assemblies for use in application where high output 
current/size 
ratio is of prime importance. These devices leature: 


• 
Void-free. 
Transfer-molded 
Encapsulation 
to Assure 
High 
Resistance to Schock. Vibration. and Temperature Extremes 


• 
High Dielectric Strength 


• 
Simple. Compact Structure for Trouble-Iree Performance 


• 
High Surge Capability - 
100 Amps 


Designer. Data for "Worlt Cale" Conditions 


The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 


the information 
presented. 
Limitcurves 
- 
representing 
boundaries 
on device 
characteristics 
- 
are given to facilitate 
"worst 
case" design. 


MDA970Al 
thru 
MDA970A6 


SINGLE-PHASE 
FULL-WAVE 
BRIDGE 


Rating 
Symbol 
MDA970A1 
MDA970A2 
MDA970A3 
MDA970A5 
MDA970A6 
Unit 


Peak Repetitive 
Reverse Voltage 
VAAM 
Working 
Peak Reverse Voltage 
VAWM 
50 
100 
200 
400 
600 
Volts 


DC Blocking Voltage 
VA 


AMS Aeverse Voltage 
VA(AMS) 
35 
70 
140 
280 
420 
Volts 


DC Output Voltage 
Volts 


Resistive 
Load 
Vdc 
31 
62 
124 
248 
372 


Capactive 
Load 
Vdc 
50 
100 
200 
400 
600 


Average 
Rectified 
Forward 
Current 
10 
Amp 
TA: 
25°C 
.• 
4.0 
.. 


TC 
55°C 
.• 
8.0 
.. 


Nonrepetitive 
Peak Surge Current 
'FSM 
4 
100 
•.. 
Amp 
(surge 
applied 
at rated load 


conditions. 
TJ ;: 150°C) 


Operating 
and Storage 
Junction 
TJ. Tstg 
• 
65to+150 
•. 
°c 


Temperature 
Range 


Max 
Characteristics 
Symbol 
(Per Die) 
Unit 


Thermal 
Resistance. 
Junction 
to Case IEach Die 
AeJC 
10 
°C/W 
IEffective Bridge 
A61EFFI 
7.75 
°C/W 


Characteristic 
Symbol 
Min 
Max 
Unit 


Instaneous 
Forward 
Voltage 
(Per Diode) 
vF 
- 
Vdc 


(iF: 
6.28 Amp. TJ: 
25°C) 
- 
1.1 


(iF: 
6.28 Amp. TJ: 
150°C) 
- 
1.0 


Reverse Current 
IA 
- 
1.0 
mA 
(Rated VRM applied 
to ac terminals. 
+ and - terminals 
open. TA:: 
25°CI 


CASE: 
Transfer-molded 
plastic 
encapsulation. 


FINISH: 
All 
external 
surfaces 
are corrosion-resistant. 
Leads are readily 
solderable. 


POLARITY: 
Embossed symbols 
AC input:: 
....• 
DC output:: 
+ 
DC output:- 
MOUNTING 
POSITION: 
Any 
WEIGHT 
(Approximately): 
7.5 Grams 
MOUNTING 
TORQUE: 
5 in.-Ib. Max 


r 


A 
NOTES' 
-----=---i 
1. LEADS 
ARE 
SQUARE 
AND 
OFFSET 
ON 


- 
F I 
IIACKAGE 
(DIM U TO ALLOW 
FOR 
T1 
AUTOMATED 
EQUIPMENT 
LOADING. 


H 
2. DIMENSIONS 
GaL 
SHALL 
BE MEASURED 


AT THE 
REFERENCE 
llLANE 
. 


• 
-tL-",,,,,,, 
'+-1- 
'lAA£ 
• 
---.l 
L 
ok 
-lL~ 


Llw,,"ODWI 
• 
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---, 


CASE 
117A-02 


MILlI_TlRS 
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• 
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11.5. 
lU' ..". .". 
• .... 
1.14 
O.lDS ..... 


f 
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• .., ...• 
0.1. U" 
• •• .., U" •••• 
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2.1' .., 
0.110 
0.1. 


I 
lUl 
un 
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..... 
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• ,..• 
••• 
0.1411 
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FIGURE 
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TEMPERATURE 
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FIGURE 
5 - CASE TEMPERATURE 
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NOTE 
1: 
THERMAL 
COUPLING 
AND 
EFFECTIVE 
THERMAL 


RESISTANCE 


In multiple 
chip devices where 
there is coupling 
of heat between 
die, the junction 
temperature 
can be calculated 
85 follows: 


(1) 
oTJ1 
- R81 POl 
+ R82 
K82 Po2 
+ R83 
K83Po3 


+ R84 
K84 
Po4 


Where 
0.TJ1 is the change 
in junction 
temperature 
of diode 
t 
RS1 
thru 
4 il the thermal 
resistance 
of diodes 
1 through 
4 
POl 
thru 
4 is the power 
dissipeted 
in diodes 
1 through 
4 


!<B2 thru 
4 is the thermel 
coupling 
between 
diode 
1 and 
diodes 
2 through 
4. 


An 
effective 
package 
thermal 
resistance 
can 
be 
defined 
8S 
follows: 


(2) R8IEFFI- 
OTJ1/PoT 


'Nhere: 
PDT is the total 
package 
power 
dissipation. 


Assuming 
equal thermal 
resistance for 
88ch die, equatton 
(1) 


simplifies 
to 


(3) 
oT Jl 
- R81 
IPol 
+ K82 Po2 
+ K83Po3 
+ K84 Po4l 


Forthe 
conditions 
wh..-e 
Po 1 - Po2 
- Po3 
- Po4. 
PDT· 
4 Po 
equation (3) can be further simplified and by substituting into 
equation 
(2) results in 


(4) R8IEFF) 
= R8111 
+ KB2 + K83 + !<B4)/4 


For 
this 
rectifier 
assembly, 
thermal 
coupling 
between 
opposite 
diodes 
is 65% and between 
adjacent 
diodes 
is 72.5% when 
the case 
temperature 
is used 8S. reference. 
When the ambient 
temperature 
is used as the reference, 
the coupling 
is a function 
of the mounting 
conditions 
and 
is essentially 
the 
same 
for 
opposite 
and 
adjlcent 
diodes. 


The 
effective 
bridge 
thermal 
resistance, 
junction 
to 
ambient, 
i. (from 
equation 
4). 


(6) R8(EFFIJA 
- R8JAIl 
+ 3 KB (AV)JA)/4 


Where: 
!<B(A VlJA 
"" (KSIAVIJC 
RSJC + R8CA IIR8 JA 
ond 
K8(AVIJC 
is epproximetely 
70%. 
R8CA 
is the c_ 
to 
...,bient 
thermal 
resistance. 


Bridge 
rectifiers 
are used 
in two 
basic 
configurations 
as shown 
by 
circuits 
A and 
B of 
Figure 
12. 
The 
current 
derating 
data 
of 
Figures 
5 and 6 apply 
to 
the 
standard 
bridge 
circuit 
(A) 
where 
IA • Ie. 
For circuit 
B where 
IA::I= IB, derating 
information 
can be 
calculated 
as follows: 


(6) TRIMAX) 
~ TJIMAX) 
- 
oTJl 


Where 
TR(MAX) 
is the 
reference 
temperature 
(either 
case or 
ambient) 


6T J1 can be calculated 
using equation 
(3) in Note 
1. 


For 
example, 
to 
determine 
TC(MAX) 
for 
the 
following 
load 
conditions: 


IA - 3.1 A average 
with 
e peak 
of 11.2 A 
IB - 1.56 A average 
with I peak 
of 6.8 A 


First 
calculate 
the 
peak 
to 
average 
ratio 
for 
IA. 
I(PK)/I(AV) 
= 
11.2/1.55 
= 7.23 
(Note 
that 
the 
peak 
to average 
ratio 
is on a per 
diode 
basisJ 


From 
Figure 
11, for an BYerage current 
of 3.1 A and an I(PK)I 


'IAV) 
- 
7.23 
read 
PTIAV) 
= 4.8 
watts 
or 
1.2 
witts/diode 
:. 


POl = Po3· 
1.2 wetts. 


Similarly, 
for a load 
current 
IB of 
1.55 
A, diode"2 
and diode 
1/4 lach 
see 0.776 
A average 
resUlting 
in an IIPKI/I IAVI "" 8.8. 


Thus, 
the 
peckage 
power 
dissipation 
for 
1.55 A is 2.3 watts 
or 
0.676 
witts/diode:. 
Po2· 
Po4 
- 0.575 
watts. 


The 
maximum 
junction 
temperature 
occurs 
in diode 
#1 and #3. 


From 
equation 
131 for 
diode 
#1 oT Jl = 9[1.2 
+.651.575) 
+.725 
(1.2) + .725 
1.575)1 


oT Jl 
"" 26"C 


Thus 
TCIMAX) 
- 
150-26 
- 1240C 


The 
total 
peckage 
dissipation 
in this example 
is: 


PJ • 2 X 1.2 + 2 X 0.575"" 
3.6 wetts 


INote 
thot litho 
ugh maximum 
R8JC 
is lo"C/watt. 
90C/watt 
is 
used 
in this example 
and on the derating 
data 
IS it is unlikely 
that 


ell four 
die in • given peckege 
would 
be at the meximum 
v.lueJ 


Under 
typicel 
wire 
t.rmin.1 
or printe9' 
circuit 
baird 
mounting 
COnditions, 
the 
thermal 
rllistence 
between 
the 
diod. 
junctions 
and the 
leeds 
.t 
the edge of the case is • sm.ll 
frICtion 
of the ther· 
mil 
rlli.tlnce 
from 
junction 
to .mbient. 
Consequently, 
the 
teed 
.mper.ture 
is very claM 
to the junction 
tempereture. 
Therefore, 
it is recommended 
thlt 
the leed temperature 
be me.lUred 
when 
the 
diodes.e 
operlting 
in prototype 
equipment, 
in order 
to determine 


if oper.tion 
is within 
the diode 
temper.ture 
rltings. 
The 
lead having 
the 
hi~est 
thermat 
resist.nce 
to 
the 
ambient 
will yield 
readings 
clo •• t to the junction 
temperature. 
By measuring 
temperature 
as 
outlined, 
v.ri.tions 
of 
junction 
to 
ambient 
thermal 
resistance, 
CMlIed by the amount 
of surface 
••• 
of the terminals 
or printed 
circuit 
board 
and the degree 
of air convection, 
IS well as proximity 
or other 
heat 
lOurc:es ee •• 
to be importllnt 
desifan con.ider.tions. 
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RECTIFIER 
ASSEMBLY 


· .. 
utilizing 
individual void·free molded MR2500 Series rectifiers. 
interconnected 
and mounted on an electrically 
isolated aluminum 
heat sink by a high thermal·con~uctive epoxy resin. 


• 
400 Ampere Surge Capability 


• 
Electrically Isolated Base-1800 
Volts 


• 
UL Recognized 
• 
Cost Effective in Lower Current Applications 


MOA 


Rating 
(Per Diode) 
Symbol 
2500 
2501 
2502 
2504 
2506 
2508 
2510 
Unit 


Peak Repetitive Reverse 
VAAM 
Voltage 
Working 
Peak Reverse 
VAWM 
50 
100 
200 
400 
600 
800 
1000 Volts 
Voltage 
DC Blocking Voltage 
VA 


DC uutput 
Voltage 
Resistive Load 
Vdc 
30 
62 
124 
250 
380 
500 
630 
Volts 
Capacitive 
Load 
Vdc 
50 
100 
200 
400 
600 
800 
1000 Volts 


Sine 
Wave RMS 
Input 
VA lAMS 
35 
70 
140 
280 
420 
560 
700 
Volts 


Voltage 


Average Rectified 
Forward 
10 
25 
Amp 
Current (Single phase 
bridge 
resistive 
load, 
60 Hz. TC· 
550CI 


Non·Repetitive 
Peak Surge 
IFSM 
400 
Amp 


Current (Surge applied 
at rated 
load conditions) 


Operating and Storage- 
TJ.Tstg 
~5 
to +175 
°c 
Junction Temperature 
Range 


Characteristic 
Symbol 
Typ 
Max 
Unit 


Thermal 
Resistance, 
Junction 
to Case 
AOJC 
°CIW 
Each Die 
8.0 
10 
Total Bridge 
2.0 
2.8 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Instantaneous Forward Voltage (Per Dlodel 
vF 
- 
0.95 
1.05 
Volts 


liF ·40 
AI 


Reverse Current (Per Diode) 
IA 
- 
- 
0.10 
mA 


(Aated VA) 


PlastiC case with an electrically 
Isolated aluminum 


base. 


POLARITY: 
Terminal designatlOn embossed on case: 


+ DC output 
- DC output 
AC not marked 


MOUNTING 
POSITION: Bolt down. 
Highest heat transfer effiCiency accom- 


plished through 
the surface opposite the terminals. 
Use silicone 
heat 
sink 
compound 
on 
mounting 
surface for maximum heat transfer. 


WEIGHT' 


TEAMINALS, 


25 grams (approx.l 


SUitable for fast-on connections. 
Readily solder able. 


corrOSIon 
resistant. 
Soldering 
recommended 
for 


applications greater than 15 amperes. 


20 in. lb. max. 


MDA2500 series 


SINGLE·PHASE 
FULL·WAVE 
BRIDGE 


25 AMPERES 
50-1000 
VOLTS 


+~ 
A 
U 


NOTES, 


1. OIMENSION 
"0" 
SHAll 
BE 


MEASUREO 
ON HEATSINK 
SIDE OF PACKAGE. 


2. DIMENSIONS 
"F" 
ANO "G" 
SHAll 
BE MEASUREO 
AT 
THE REFERENCE 
PLANE. 


MilliMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
25.65 
26.16 
1.010 
1.030 


C 
12.« 
13.97 
.490 
0.550 


0 
6.10 
6.60 
0.240 
0.260 
F 
10.01 
10.49 
0.394 
0.413 


G 
19.99 
21.01 
0.7B7 
0.827 


J 
0.71 
0.86 
0.028 
0.034 


K 
9.52 
11.43 
0.375 
0.450 
l 
1.52 
2.06 
0.060 
0.081 
P 
2.79 
2.92 
0.110 
0.115 
Q 
4.42 
4.67 
0.174 
0.184 
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10. AVERAGE 
LOAD CURRENT 
lAMP) 
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where 
~TJl 
is the 
change 
In junction 
temperature 
of diode 
1, 


RB1 
through 
4 
is the 
thermal 
resistance 
of 
diodes 
1 through 
4, 
POl 
through 
4 '5 the 
power 
dissipated 
In diodes 
1 through 
4, 


K02 
through 
4 
IS 
the 
thermal 
coupltng 
between 
diode 
1, 
and 
diodes 2 through 4. 
An 
effective 
package 
thermal 
resistance 
can 
be 
defined 
as 
follows: 


where 
PDT 
IS the 
total 
package 
power 
disSipation. 


Assuming 
equal 
thermal 
resistance 
for 
each 
die, 
equation 
(1) 
simplifies to 


131 "'TJl 
= R01IPD1 
+ K02P02 
+ K03P03 
+ K04P041 


For 
the conditions 
where 
POl:: 
P02 
'"' P03 
= P04. 
POT = 


4 POl. 
equation 
(3) 
can 
be further 
simplified 
and 
bv substituting 
into equation (21 results in 


(4) 
ROIEFFI 
= ROlil 
+ K02 + K03 + K041/4 


When the case is used as a reference POInt, coupling 
between 
opposite die is negligible for the MOA2500, and coupling between 
adjacent die is approximately 
6%. 
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Bridge rectifiers are used in two baSICconfigurations 
asshown 
by circuits 
A and B of Figure 11. The current 
derating data of 


Figure 4 applies to the standard bridge circuit 
(A) where IA = lB' 


For circuit 
B where fA :: IB, derating information 
can be calculated 


as follows: 


161 TRlmaxl 
= TJ(maxl 
-"T 
Jl 


Where 
TR(max) 
IS the 
reference temperature 
(either 
case 


or ambient), 
u TJl 
can be calculated uSingequation (3) In Note 2. 


For example, to determine TC(max) 
for the MOA2500 
With 
the follOWing capacitIve load condItions: 


IA:: 
20 A average With a peak of 60 A, 


IB :: 10 A averageWith a peak of 70 A, 


first 
calculate 
the peak to average ratio 
for 
IA· 
I{PK)II(AV) 
:: 


60/10 
= 6.0. (Note that the peak to averageratIo ISon a per diode 


baSISand each diode prOVides10 A average.) 


From 
Figure 5, for an average current of 20 A and an t(PK)/ 


I(AVl 
= 6.0, read POT{AV) 
= 40 watts or 10 watts/diode. 
Thus 


POl 
= P03 = , a watts. 


SImilarly, 
for a toad current Ie of 10 A, diode .w2and dIode 


=4 each 
see 5.0 A average resulting 
III an I(PKI/I(AVI 
:: 14. 


Thus, the package power dIssipation 
for 
10 A IS 20 watts or 
5.0 watts/diode. Therefore, P02:: 
P04 = 5.0 watts. 


The maximum 
Junction temperature 
occurs in diodes ,;;1 and 
:r3. From equation (3) for diode =1, 


"TJl 
= 10(10+0151 
+0.061101 
+0.061511 


"TJl 
~ 109°C. 


Thus. 
TC(maxl 
= 175 -109 
= 66°C. 


The total package diSSipatIon in thiS example IS 


POT(AV) 
= 2 x 10 + 2 x 5.0::: 30 watts, 


whIch must be considered when selecting a heat Sink. 


® MOTOROLA 
MDA3500 series 


(MDA3500, 
MDA3501, 
MDA3502, 


MDA3504, 
MDA3506, 
MDA3508 
MDA3510) 


.. 
utilizing 
individual 
void-free molded MR2500 Series rectifiers, 
interconnected 
and mounted on an electrically 
isolated aluminum 
heat sink by a high thermal-conductive epoxy resin. 


• 
400 Ampere Surge Capability 
• 
Electrically Isolated Base-1800 
Volts 


• 
UL Recognized 
• 
Cost Effective in Lower Current Applications 


SINGLE·PHASE 
FULL·WAVE 
BRIDGE 


35 AMPERES 
50·1000 VOLTS 


Characteristic 


Thermal 
Resistance, 
Junction 
to 
Case 


G~J 
K 


~REFERENCE 


C 
PLANE 
----.l... 


MOA 


Rating (Per Diodel 
Symbol 
3500 
3501 
3502 
3504 
3506 
3508 
351< 
Unit 


Peak Repetitive 
Reverse 
VRRM 


Voltage 


Working 
Peak 
Reverse 
VRWM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


Voltage 


DC Blocking Voltage 
VR 


DC 
Output 
Voltage 


Resistive 
Load 
Vdc 
30 
62 
124 
250 
380 
500 
630 
Volts 


Capacitive 
Load 
Vdc 
50 
100 
200 
400 
600 
800 
1000 Volts 


Sine Wave RMS Input 
VR CRMS 
35 
70 
140 
280 
420 
560 
700 
Volts 


Voltage 


Average Rectified 
Forward 
10 
35 
Amp 


Current 
(Single 
phase 


bridge 
resistive 
load, 
60 Hz. TC = 550CI 


Non-Repetitive 
Peak Surge 
IFSM 
400 
. 
Amp 


Current 
(Surge 
applied 


at rated load conditionsl 


Operating 
and 
Storage 
T J,Tstg 
-65 to +175 
°c 


Junction 
Temperature 


Range 
Heatsink 
t=A-L--. 
QE 
1 
~- 
+~ 
A 


= U 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
(Per 
vF 
- 
1.0 
1.1 
Volts 
Diode) 
COF= 55 AI 


Reverse Current 
(Per Diode) 
IR 
- 
- 
0.10 
mA 


(Rated VRI 


NOTE: 


1. OIM "Q" SHALL 
BE 


MEASURED 
ON 
HEATSINK 
SIDE 
OF 


PKG. 


2. DIMENSIONS 
F AND 
G 


SHAll 
BE MEASURED 


AT THE 
REFERENCE 
PLANE. 
CASE: 
Plastic case with an electrically 
isolated aluminum 
base. 


POLARITY. 
Terminal-designation 
embossed on case 
+DC output 
-DC output 
AC not marked 
MOUNTING 
POSITION: 
Bolt down. Highest heat transfer efficiency 
accom· 
plished through the surface opposite the terminals 
Use silicon grease on mounting 
surface for maxi- 


mum heat transfer. 


WEIGHT: 
40 grams lapprox.l 


TERMINALS: 
Suitable 
for 
fast-on 
connections. 
Readily 
solderable, 
corrosion 
resistant. 
Soldering 
recommended 
for 
appli- 
cations greater than 15 Amperes. 
MOUNTING 
TORQUE: 
20 in. lb. Max. 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
34.80 
35.18 
1.370 
1.385 


C 
12.44 
13.97 
0.4"" 
0.550 
0 
6.10 
6.60 
0.240 
0.260 
F 
13.97 
14.50 
0.550 
0.571 
G 
28.00 
29.00 
1.100 
1.142 
J 
0.71 
0.86 
0.028 
0.034 
K 
9.52 
11.43 
0.375 
0.450 


l 
1.52 
2.06 
0.060 
0.081 
P 
2.79 
2.92 
0.110 
0.115 
Q 
4.32 
4.83 
.170 
n.190 
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TA, AM81ENT TEMPERATURE 
lOCI 


In 
multiple 
chip 
devices where 
there 
is coupling 
of 
heat 
between die. the junction temperature can be calculated asfollows: 


III 
"TJl 
= Rel 
PDl 
+Re2Ke2PD2+Re3Ke3PD3 


+ Re4 
Ke4PD4 
Where 6TJl 
;s the change in junction 
temperature of diode 1 
Rt:11thru 4 is the thermal resistance of diodes 1 through 4 
POl 
thru 4 is the power 
dissipated 
in diodes 
1 through 
4 


K02 thru 4 is the thermal coupling between dicx1e 1 and 
diodes 2 through 4. 
An 
effective 
package 
thermal 
resistance 
can 
be 
defined 
as 
follows: 


121 RelEFFI 
= "TJ1/PDT 


Where: PDT is the total package power dissipation 
Assuming equal thermal 
resistance for each die. equation tll 


simplifies to 


131 "TJ1 
= Re1 
IPD1 + Ke2PD2 
+ Ke3P03" 
Ke4PD4) 


For the condiitons where POl = P02 =- P03 =- P04, PDT =- 4 POl. 
equation 
(31 can be further 
simplified 
and by substituting 
into 
equation 
(2) results in 


141 ReIEFF) 
= 
Re1 
11 + Ke2 
+ Ke3 
+ Ke4)/4 


When the case is used as a reference point. coupling between 
die is neglegible for the MDA3500. 
When the bridge is used without 
a 
heatsink, 
coupling 
between 
die 
is approximately 
70% and 
Re1 
is 300C/W, 


:.ReIEFFI· 
30 11 + 1311.711 /4 - 230C/W 
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NOTE 
3: SPLIT 
LOAO 
DERATING 
INFORMATION 


Bridge rectifiers are usett in two basic configurations 
as shown 
by circuits 
A and B of Figurel1, 
The current 
derating 
data of 
Figure 4 applies to the standard bridge circuit 
(A) where IA = lB· 


For circuit 
B where IA 
=- lB, derating information 
can be calcu- 


lated as follows: 


16) TRIMax)' 
TJIMaxl 
- "TJ1 
Where TR(Maxl 
is the reference temperature 
(either case or 
ambientl 


6TJl 
can be calculated using equation (3) in Note 2. 


For example, to determine 
TCIMax) 
for 
the MOA3500 
with 
the following 
capacitive load condiitons. 


IA =- 20 A averagewith a peak of 60 A 
IB =- lOA 
averagewith a peak of 70 A 


First calculate 
the peak to average ratio 
for 
IA· 
I(PK)/1(AV) 
= 


60/10 
=- 6.0. 
(Note 
that 
the peak to average ratio 
is on a per 


diode basis and each diode provides 10 A average). 


From 
Figure 5, for an average current 
of 20 A and an I{pK)/ 


'IAVI 
= 6.0 
re~d 
POTIAVI 
= 40 
watts 
or 
10 watts/diode. 
Thus 


POl 
= PD3 
= 10 watts. 


Similarly, 
for a load current 
IB of 10 A, diode #2 and diode 


#4 each see 5.0 A average resulting in an I(PK)/IIAVl 
=- 14. 


Thus, the package power dissipation 
for 
lOA 
is 20 watts or 
5.0 watts/diode 
:. P02 
=- P04 = 5.0 watts. 


The maximum junction temperature occurs in diode #1 and #3. 


From 
equation 
(3) 
for 
diode 
#1 
6TJl 
= 
(7.5) 
(10), 
since 
coupling is negligible. 


"TJ1 
"=750C 
Thus 
T CIMax) 
• 175 
-75' 
100°C 
The total package dissipation in this example is: 
POT(AV) 
= 2 x 
10 + 2 x 5.0 = 30 wett', 
which 
must be 
considered 
when selecting a heat sink. 


MR1·l000 
MR1·1200 
MR1·1400 
MR1·1600 
® MOTOROLA 


HIGH VOLTAGE 
LEAD MOUNTED 
SILICON 
RECTIFIERS 


... 
designed for television 
"damper" 
diode service and other high 


voltage industrial/consumer 
applications. 


• 
High Current Handling - 
1.0 Ampere at 75°C 


• 
Medium 
Recovery CharacteristIcs 


• 
Low Forward Voltage 


Rating 
Symbol 
MR1·1000 
MR1·1200 
MR1·1400 
MR1·1600 
Unit 


Peak RepetItive 
Reverse 
Voltage 
VRRM 
Working 
Peak Reverse 
Voltage 
VRWM 
1000 
1200 
1400 
1600 
Volts 
DC Blocking 
Voltage 
VR 


Average 
Aectlfied 
Forward 
Current 
10 
(SIngle 
phase, 
resistive 
load. 
.- 
1.0 
.. 
Amp 
R~JA 0 S5°C/W. 
TA 0 75°C) (1) 


Non-RepetItive 
Peak Surge 
Current 
IFSM 
(surge applied at rated load 
.. 
30 (for 1 cycle) 
. 
Amp 
conditions) 


Operating and Storage Junction 
TJ. Tstg . 
-65 to +175 
.. 
°C 
Temperature 
Range (2) 


Characteristic 
Symbol 
Typ 
Max 
Unit 


MaxImum 
Instantaneous 
Forward 
Voltage 
vF 
Volts 
(IF 01.0 
Amp. TJ 0 25°CI 
095 
11 
(IF 0 3.14 Amp. TJ 0 25°C) 
11 
13 


Maximum 
Reverse 
Current 
(rated de voltage) 
IR 
"A 


TJ 0 25°C 
02 
10 
TJo 
100°C 
12 
100 


Capacitance 
C 
40 
70 
pF 
(VR 0 50 volts. f 01.0 
MHz) 


Reverse 
Recovery 
TIme 
'rr 
17 
25 
"s 


(IF 0 20 mA. IR 0 20 
mAl 


Forward 
Recovery 
TIme 
tfr 
07 
10 
"s 
(IF 0 20 mA. VIr 0 20 
VI 


-I 
- 


I 
I 
K 
~ 
-0 


CATHODE I 


BAND 


MECHANICAL 
CHARACTERISTICS 


CASE: 
Void free, Transfer 
Molded 


MAXIMUM 
LEAD 
TEMPERATURE 
FOR SOLDERING 
PURPOSES: 
350°C. 
3 
S" 


case for 10 seconds at 5 Ibs. tenSIon 
FINISH: 
All external 
surfaces 
are corrosion-resistant. 
leads are readily 
solderable 


POLARITY: 
Cathode indicated 
by color band 


WEIGHT: 
0.40 Grams (approxImately) 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.97 
660 
0235 
0260 


8 
279 
305 
0110 
0.120 


D 
076 
0.B6 
0030 
0034 


K 
2794 
- 
1 100 
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3.0 


>~ 
<,.02.0 
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~ 70 
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F 
- 
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AT RATED 
I 
I 
I 
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• 
I 
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- 
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TYPICAL 
FAilURES 
- 
LOAD 
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--- 
DESIGN 
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- 
TJ 
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160 
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MOUNTING 
LEAD LENGTH, 
L (lNI 


METHOD 
1/32 
3/8 
1 
AeJA 


1 
- 
60 
85 
°C/W 


2 
73 
85 
103 
°C/W 


Reverse power dissipation and the possibIlity 
of thermal runaway 
must be considered when operating this rectifier 
at reverse voltages 
above 
50 volts. 
Proper 
derating 
may be accomplished 
by use 
of equation 
(1): 


TAlmaxl' 
TJlmaxl 
- 
AOJAPF{AVI- 
AOJAPR(AVI 
111 


where 


T Almaxl 
'"' Maximum 
allowable 
ambient 
temperature 


TJ(max) 
= Maximum allowable junction temperature 
(17SoC 
or 
the temperature 
at whIch 
ther- 


mal runaway occurs, whichever is lowest. I 


PF(AVI 
'"' Average forward power dissipatIon 


PR IAV) 
.::Average reverse povver dissipation 


ROJA 
= Junction-la-ambient 
thermal 
resistance 


Figure 4 permits easier use of equation (1) by taking reverse power 
dissipation and thermal runaway into consideration. 
The figure 
solves for a reference temperature as determined by equation (2): 


TR ' TJ(maxl 
- 
RIIJAPRIAVI 
121 


Substituting 
equatIon (2) into equatIon (11 yields: 


TA{maxl' 
TA - 
AOJAPF{AVI 
(31 


Inspection of equations (2) and (3) reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ = 17SoC 


b·-=c:-F-·~t 
I 
-' 
- 
I 
- 
[ I - 
- - --- 
--:1 
i ------, 


when forward 
power is zero. The transition 
from one boundary 
condition 
to the other 
is evident on the curves of Figure 4 as a 
difference 
in the rate of change of the slope in the vicinity 
of 


1600C. The data of Figure 4 is based upon dc conditions. 
For use 
in common 
rectifier 
circuits, 
Table 1 indicates suggested factors 
for an equivalent 
dc voltage to use for conservative design: i.e.: 


VAI.quiv) 
, Vin(PKI 
x F 
141 


The Factor F is derived by considering the properties of the various 
rectifier 
circuits and the rectifiers reverse characteristics. 


Example: 
Find TA(max) 
for MRl-1200operated 
in a 500 Volt dc 
supply using a full wave center-tapped circuit with capacitive filter 
such that IDC ~ 1.0A,IIFIAVI' 
0.5 A!, IIPKIIIIAVJ 
= 10,Input 
Voltage = 353 V(rms) (line to center tap), ROJA = 60 
C/W. 


Step l' 
Find VR(equiv).Read 
F = 1.11 from Table 1. 


VAI.qUiv)' 
1.411 13531(1.111 = 555 V 


Step 2: 
Find TR from Figure 4. Read TR = 1170C @ 
VA ' 555 V@l AOJA ' 6rf'C/W. 


Step 3: 
Find PF(AVl 
from Figure 1. Read PF(AVI 
= 0.6 W 


@l~, 
10 & IF{AVI 
= 0.5 A 
IAV 


Step 4: 
Find TAlmax) 
from equation (31. TAlmax) 
:z 111 


-{601 (0.6) = 81oC_ 


Circuit 
Half Wave 
Full Wave, Bridge 
Full Wave 


Center· Tapped*t 


Load 
Resistive 
Capacitive* 
Resistive 
Capacitive 
Resistive 
Capacitive 


Sine Wave 
0.45 
1.11 
0.45 
0.55 
0.90 
1.11 


Square Wave 
0.61 
1.22 
0.61 
0.61 
1.22 
1.22 


@ MOTOROLA 


designed for 
use in applications 
where small 
packages are 
required. 
These devices feature 
high surge current 
capability 
and 


low reverse power loss. 


MAXIMUM 
RATI NGS IT A • 25°C unless oth •• wise noted) 


.:. 
~ 
'? 
"t 
III 
~ 
~ 
0 
~ 
III 
III 
R.ting 
Symbol 
to< 
to< 
to< 
to< 
to< 
Unit 
a: 
a: 
a: 
a: 
a: 
:; 
:; 
:; 
:; 
:; 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 


Working 
Peak Reverse Voltage 
VRWM 
1000 
2000 
3000 
4000 
5000 
Volts 


DC B!ocklng Voltage 
VRIRMS) 
Average Rectified 
Forward 
Current 


{single phase. resistIve load. 
10 
250 
mA 


60 Hz. T A • 750CI 


Peak 
Repetitive 
Forward 
Current 
IFRM 
2.0 
TA • 75°C 
Amp 


Non·Repetitive 
Peak 
Surge 
Current 


(superimposed on rated current 
IFSM 
-20 
lfor1/2cycle)-~- 
Amp 
at rated 
voltage. 
TA ::: 7SoCI 


Operating 
and Storage 
Junction 


TJ. Tstg 
--6510+150 
--- 
°c 
Temperature 
Range 


Characteristic 


Thermal Resistance. Junction 
to Ambient 
11 inch lead length) 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Instantaneous Forward Voltage 
3.75 
Volts 
Ii F • 0.785 
Adc. T A • 250CI 
VF 


DC Reverse 
Current. 
Rated 
VA 
IR 
~A 
TA' 
250C 
10 


TA'100oC 
50 


CASE: 
Void free, transfer molded 


FINISH: 
All external surfaces corrosion-reisitant 
and leads readily solderable 


POLARITY: 
Indicated by polarity 
band 
MOUNTING 
POSITIONS: 
Any 


WEIGHT: 
0.40 Gram lopprox) 


MAXIMUM 
LEAO TEMPERATURE 
FOR SOLOERING 
PURPOSES: 
350°C. 
3/8" 
from 


eM' for 10 seconds 


MR250-1 
thru 
MR250-5 


HIGH VOLTAGE 
RECTIFIERS 


250 MILLIAMPERES 


1000·5000 VOLTS 


L_ :::3 


I 


NOTE: 


1. POLARITY MARK - 


CATHODE BAND 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
11.56 
I1.Bl 
0.455 
0.465 
B 
3.73 
3.B9 
0.147 
0.153 
0 
0.76 
0.B6 
0.030 
0.034 
K 
24.13 
29.21 
0.950 
1.1<;0 


FIGURE 2 - 
TYPICAL 
REVERSE CURRENT 
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I 
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I 
I 
I 
--... 
--... 
---...... 
NOTE: 
LEAD 
lENGTH 
1$ DEFINED 
A$THf 


, <1INCH 
lEADS- 
_ 
DISTANCE 
BETWEEN 
THE 
RECTIFIER 
- 


-..... 
---...... 
BODY 
AND 
THE 
TERMINATION 
POINT 
---- 
/" 
------ 


AND 
APPLIES 
TO 
BOTH 
LEADS 
---- 


1 2 INCH 
LEADS 
---- ---- 
----- 


I 
", 
--... 
----- 


1 INCH 
LEADS 
r--.. 
------ 
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---..::: 
~ 
--.::::: ~ 


"""""- 


ii: 
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12 
'""z 
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Vi 
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~ 
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~ 
~ 
40 


~ 


20 
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RECTIFIER 
OPERATED 
AT 


MAXIMUM 
RATED 
CONDITIONS 
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VARM(rep) 
APPLIED 
AFTER 
SURGE. 


TA 
75°C 
---- 
f - 60 Hz 


•...•.. •...•.. 


------- 
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Designers Data Sheet 


MINIATURE 
SIZE, AXIAL 
LEAD MOUNTED 


STANDARD 
RECOVERY 
POWER RECTIFIERS 


. designed for use in power supplies and other applications having 
need of a device with the following 
features: 


• 
High Current to Small Size 


• 
High Surge Current Capability 


• 
Low Forward Voltage Drop 


• 
Void·Free Economical Plastic Package 


• 
Available in Volume Quantities 


Designer's 
Data for "Worst 
Case" CondItions 


The 
Designers 
Data 
sheets 
permIt 
the 
design 
of 
most 
CirCUits entirely 
from 
Ihe 


InformatIon 
presented 
LIrT"lIt curves 
representing 
boundaries 
on device 
character 


Istles 
are given to facilItate 
··worst case" 
design 


MRSOO MRSOI 
MRS02 MRS04 
MRS06 MRS08 
MRS10 


STANDARD 
RECOVERY 
POWER 
RECTIFIERS 
I 
j 


Rating 
Symbol 
MR500 
MR501 
MR502 
MR504 
MR506 
MR508 
MR510 
Unit 


Peak RepetItive 
Reverse Voltage 
VRRM 
Volts 


Working 
Peak Reverse Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 
DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
75 
150 
250 
450 
650 
850 
1050 
Volts 


Average 
Rectified 
Forward 
Current 
10 
Amp 


(Single 
phase resistIve 
load. TZ = 95°C. 
.. 
30 
.. 


PC Board Mounting) 
(1) 
(EIA Standard 
ConditIons L;:. 1/32", 
.. 
80 
•. 


TL: 
85°q 


Non-RepetitIve 
Peak Surge Current 
IFSM 
.. 
100 
•. 
Amp 
(surge applied at fated load condItions) 
(one cycle) 


Operating 
and Storage Junction 
TJ.TsI9 .. 
6510+175 
•. 
°C 
Temperature 
Range (2) 


Characteristic 
Symbol 
Max 
Urut 


Thermal 
Resistance, 
JunctIon to Ambient 
RaJA 
28 
°C/W 
(Recommended 
Printed C.fCUII Board 
Mounting, 
See Note 2 on Page 41. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage (3) 
vF 
Volts 
{iF 
= 9.4 Amp, TJ = 1750Cl 
- 
0.9 
1.0 
IiF = 9.4 Amp. TJ = 250CI 
- 
104 
1.1 


Reverse Current 
(rated de voltage) 131 
IR 
pA 


TJ = 25°C 
- 
0.1 
5.0 


TJ = 100°C 
- 
2.8 
25 


(11 Derate for reverse power dissipation. 
See Note on Page 2. 


(21 Derate as shown in Figure 1. 
(3) 
Pulse Test: 
Pulse Width 
= 300 IJS, Duty Cycle:: 
2.0'%. 


Case: Void Free. Transfer Molded 
Finish: 
External Leads are Plated, 


Leads are readily Solderable 
Polarity: 
Indicated by Cathode Band 


Weight: 
1.1 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 


3QOoC, 1/8" from casefor 10 s 
at 5.0 lb. tension 


Reverse power dissipatton 
end the possibility 
of thermal runawey 
must be constdered when operating 
thts rectifier 
at reverse voltages 
atx>ve 200 
volts. 
Proper derating 
may be eccomplished 
by use 
of equation 
(1): 


TA(max)' 
TJ(maxl- 
ReJAPF(AV) 
- 
ReJAPR(AVI 
III 
whe •• 


T A(max) 
:::Maximum 
allowable 
ambient 
temperature 


T J(max) 
""Maximum 
allowable junction 
temperature 
(17SoC or 
the temperature 
at which ther- 


mal runaway occun. 
whichever 
is lowest. 
1 


PF(AV) 
•• Aver. 
forward 
power dissipation 


PR(AV) 
= Average reverse power dissipation 


R8JA 
= Junction-to-ambient 
thermal 
resistance 


Figure 1 permits easier use of equation 
(1) by tak ing reverse power 
dissipation 
and thermal 
run8W'ay into 
consideration. 
The figure 
solves for 8 reference 
temperature 
as determined 
by equation 
(2): 


TR· 
TJ(moxl 
- 
ReJAPR(AVI 
(21 


Substituting 
equation 
(2) into equation 
(1) yields: 


TA(moxl 
• TR - 
ReJAPFIAVl 
(31 


Inspection 
of equations 
(2) and (31 reveals that TR 
is the ambient 
temperature 
at which 
thermal runaway occurs or where TJ = 1750C. 


when 
forward 
power 
is zero. 
The 
transition 
from 
one bou ndary 


condition 
to the other 
is evident 
on the curves of Figure 
1 as a 
difference 
in the rate of change of the slope in the vicinity 
of 165°C. 


The 
data 
of Figure 
1 is based upon 
dc conditions. 
For use in 
common 
rectifier 
circuits. 
Table 
1 indicates suggested factors for 
an equivalent de voltage to use for conservative design; i.e.: 


VRlequivl 
• Vin(PKI 
x F 
141 


The Factor F is derived by considering the properties 
of the various 


rectifier circuits and the rectifiers reverse characteristics. 


Example: 
Find 
TA(max) 
for 
MR510 
operated 
in a 400 
Voltdc 


supply using a full wave center-tapped 
circuit with capacitive filter 
such that 
IOC· 
6.0 A,lIF(AV)· 
3.0 AI. IIPKI/IIAVI' 
10, Input 


Voltage· 
283 V(rmsilline 
to center tap), ReJA • 280C/W. 


FindVR(equivl' 
Read F ·1.llfromTable 
1:. 


VR(equiv)' 
1.411(2831(1.111 
= 444 V 


Find TR from Figure 1. Read TR 
== 1670C@ 
VR = 444 V & ReJA • 2SOC/W. 


Find PF(AV) 
from 
Figure 8. 
Read PF(AVI 
= 4 W 


@ IpK 
• 10 & IF(AV)' 
3.0 A 
IAV 
~~;"!. 
~~C.xlfrom 
equation 
(31. T A(maxl 
• 167·(281 


Circuit 
HalfWn. 
Full Wave, Bridge 
Full Wave 
Center- Tapped-t 


Load 
Resistive 
Capacitiv.- 
Resistive 
Capacitive 
Resistive 
Capacitive 


Sine Wave 
0.45 
1.11 
0.45 
0.55 
0.90 
1.11 


Square WINe 
0.61 
1.22 
0.61 
0.61 
1.22 
1.22 


FIGURE 
1 - 
MAXIMUM 
REFERENCE 
TEMPERATURE 
FIGURE 
2 - MAXIMUM 
SURGE CAPABILITY 
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TJ.JUNCTION 
TEMPERATURE 
lOCI 


~Ppk 
Ppk 
DUTY 
CYCLE.It tp/t.1 
0.5 
- 
~.~... 
It ,.- PEAK 
POWER, 
Ppk. IS peak of.1n 
- -:J ., C-J-I 
LTIME equivalent SQuare power pulse. 
;(§ 
0.3 - 
f-- q - 


~ ~ 
0.2 
.I1TJl" Ppk. 
R8Jl 10 + U - Ol . r(11 + tpl + r(lpl 
• f(lll! 


~: 
where. 


:=::5 
0.1 
aT JL " the Increase 
In Junction temperature above (he 
~ ~ 
lead temperature. 


~ 
~ 
0.05 
~~t~i:;,o;.~.ael.j.led value 01 transltnt 
thermal 
resistance 
g ~ 
rltt+tp)=normaliledvalueof 


-: 
Vi 
0.03 
tran~ienl 
thermal 
reslsta~ 


-= ~ 
0.02 _II 
tIme 
11 


1 


+Ip~ 


0.01 
Y+-'II IIII 
I 


0.2 
0.5 
1.0 
2.0 


II 


I IIIII1 


The temperature of the lead should be measur~ 
_ 


usmgathermocoupleplacedontheleadascloseas 
possible to the tie point. 
The thermal 
milS con· 
== 


neeted to the tie point is normally lafgeenough = 


:r;:sa~ei~e~~I~d ~~tl~~~j:~~~n~~ya'~~~I~dolt~u~~aJ = 
operation once neady·nate conditions are achieved 
- 


USlI'Ig 
the measured value 01 TL, the junction tem· 
- 
'''r;'; ~~' 
b, d"","m,d 
b, 
I 
1 1 1 1 
- 
I I I III 
Tp 
~L + ~TJL 
I I IIII 


CU •• now" fa. tn••m.1 •••,II."C.ju"ctton·to·.mb,."t 
(~8JAI 


for tn. mOunI"'" •• nown •• to b. uMO.' IVP,c.1"u'd.lin •.•••Iu•• 
for pr.llm"'.rv 
.""", •• "n" o•• n c.M tn. t•• POInt,.mp ••'tur. 


c.n"ot b. m",ur.d 


MOUNTING 
LEAD LENGTH, L (IN' 
METHOD 
1/8 
I 
114 
1/2 
I 
3/4 
"eJA 
, 
50 
1 
51 
53 
§5 
°C'w 


1 
w 
3 
,. 
c,w 


tl-J 
f-l-j 


U;~~(j 


MOUNTING 
METHOD 
2 
V.eto. pu,"·ln T••m.".I. T·28 
(he."," 
~..~~g 


U •• 
of 
the 
.bOY' 
mod.1 
p.rmln 
junction 
to 
I•• d 
t •..••rm.l 


, •• In.nc. 
fo, 
.ny 
mounting 
conflgur.tion 
to 
b. 
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Fo •• 
giy.n 
tot.1 
I•• d I.ngtn, 
10w.11 
y.lu" 
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w •..••n on. 
lid. 
of t •..•• 


t.ctlfl.r 
i, b.ovght 
II 
clo •••• 
pon'bl. 
to tn. 
1'1•• 1 .ink 
Te,m, 
in 
th. 
mod.1 
"gnlly, 


T A • Ambi.nt 
T.mp 
•• "u,. 
A6S· 
Th.rm.1 
R.,in.ne., 
H•• t 


Sink 
to 
Ambi.nt 


TL - L.ed 
T.mp.r.tu,. 
R8L 
• Th.,m.1 
Rllin.ne., 
L.ed 


to H.1t 
Sink 
TC - C ••• 
T.mp 
••• turl!. 
A8J· 
T •..•••m.l 
R •• in.nc 
•. 
Junc' 


lion 
to C••• 
T J - JUnctIOn 
T.mp.r.turl 
Po 
- Tot.1 
Pow., 
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• 


PF 
• 
PA 


PF 
• Forw.rd 
Pow •• 
Oinip.tion 


P R • 
A.y.r 
•• 
Pow.r 
O'Ulp.Hon 
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A .nd 
K rel.r 
to .node 
.nd 
c.t •..•od. 
',dll 
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10' 
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•• r. 


A8L .4SoC/WIlN. 
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.nd 
48oC/W/IN 
!\,4;u,mum 


A8J 
- 100C/W 
Typ,c.lly 
.nd 
lSoC/W 
M.ltlmum 


TYPICAL 
DYNAMIC 
CHARACTERISTICS 


(TJ = 25°C) 


FIGURE 
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TIME 
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FIGURE 
15 - 
RECTIFICATION 
WAVEFORM 
EFFICIENCY 
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The rectification 
efficiency 
factor a shown in Figure 15 was 


calculated using the formula: 


V'oldcl 


P(de) 
R L 
V' oldcl 


O' 
P(rmsl 
• V'o(rms) 
. 100%' 
V'olacl 
+ V'o(dcl' 
100% (11 


RL 


For a square WCNe Input 
of 


amplitude 
Vm. the efficiency 


factor 
becomes: 


rr 2RL 
4 


O(sinel 
-:0 
-,- 
• 100% = - 
. 100% = 40,6% 


V 
m 
1J 2 


2RL 


O(square)' 
V'~' 
100% = 50% (31 


RL 


fA 
full 
wave 
Circuit 
has 
twice 
these 
efficIencies) 


As 
the 
frequency 
of 
the 
input 
signal 
is increased, 
the 
reverse 
re- 


covery time of the diode (Figure 14) becomes significant, 
resulting 


In an Increasing ae voltage 
component 
across A L whIch ISOpposite 


in 
polarity 
to 
the 
forward 
current, 
thereby 
reducing 
the 
value 
of 


the effiCiency 
factor 
0, as shown on Figure 15. 


It should be emphasized that Figure 15 shows waveform 
efficien- 


cy onlv; 
It does not provide a measure of diode losses. Data was 


obti'uned by measunng the ac component of Vo with a true rms ac 
voltmeter and the dc component with a dc voltmeter. The data was 
used In EquatIon 1 to obtain pOints for the figure. 


For a Sine wave Input Vm Sin (wtl 
to the diode, assumedlossless, 
the maxImum theoretIcal effiCiency factor becomes: 


V'm 


110 


~LD 


MilLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0.370 
0.380 


8 
4.83 
533 
0.190 
0.210 


0 
1.22 
1.32 
0.048 
0.052 
K 
26.97 
27.23 
1.062 
1.072 
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Designers Data Sheet 
. 


• 
Current 
Capacity 
Comparable 
To Chassis 
Mounted 
Rectifiers 


• 
Very 
High 
Surge 
Capacity 


• 
Insulated 
Case 


Designer's 
Oat8 for "Worst 
Case" 
Conditions 


The Oesigners 
Data sheets permit 
the design of most circuits 
entirely 
from 


the information 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on 
device 
characteristics 
- 
afe given 
to facilitate 
"worst 
case" design. 


MR 750 SERIES 


HIGH CURRENT 
LEAD MOUNTED 
SILICON 
RECTIFIERS 


50-1000 
VOLTS 
DIFFUSED JUNCTION 


Characteristic 
Symbol 
MR750 
MR751 
MR752 
MR754 
MR756 
MR758 
MR760 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak Reverse Voltage 
VRSM 
60 
120 
240 
480 
720 
960 
1200 
Volts 
(halfwave, 
single 
phase. 60 Hz peak) 


RMS Reverse Voltage 
VR(RMS) 
35 
70 
140 
280 
420 
560 
700 
Volts 


Average 
Rectified 
Forward 
Current 
10 
.• 
22 (TL = 60°C, 
liB" 
Lead Lengths) 
•. 
Amp 


(single 
phase. 
resistive 
load, 60 Hz.) 
6.0 (TA = 60°C, 
P.C. Board mounting) 
See Figures 
5 and 6. 
I 


Non-Repetitive 
Peak Surge Current 
'FSM 


(surge 
applied 
at rated load 
400 (for 1 cycle) 
.. 
Amp 


conditions) 


Operating 
and Storage 
Junction 
TJ, Tstg . 
-65 
to +175 
- 


°C 
Temperature 
Range 


Characteristic 
and Conditions 
Symbol 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
vF 
1.25 
Volts 
Drop (iF = 100 Amp, 
TJ = 25=C) 


Maximum 
Forward 
Voltage 
Drop 
VF 
090 
Volts 
(IF = 6.0 Amp, 
TA = 25°C, 
3/B- 
leads) 


Maximum 
Reverse Current 
'R 


(rated dc voltage) 
TJ = 25=C 
0.25 
mA 


TJ = 100°C 
1.0 


CASE: 
Void free, Transfer 
Molded 


MAXIMUM 
LEAD 
TEMPERATURE 
FOR 
SOLDERING 
PURPOSES: 
350°C 
3/B" 


from case for 10 seconds 
at 5.0 Ibs. tension 


FINISH: 
All external 
surfaces 
are corrosion·resistant. 
leads are readily 
solderable 
POLARITY: 
Indicated 
by diode symbol 


WEIGHT: 
2.5 Grams 
(approx.) 


CD 


- - 
0 


~. 


I~L~ 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
M1N 
MAX 


A 
10.03 
10.19 
0.395 
0.405 


B 
5.94 
6.15 
0.134 
0.146 


0 
1.17 
1.35 
0.050 
0.053 


K 
15.15 
15.65 
0.990 
1.010 
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./ 
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~ 
HEAT 
SINK 
---"'" 
1/4,1- 


..- 
1/8" 


-- 


60th leads to heat sink, with lenglhsasshown 
Variations 
in 


I---"" 
RdJL(t) below 20 seconds are independent 
of lead conneClions 
- 


of 1/8 inch or greater, and vary only about ±.20·ofrom the values 
shown. 
Values fOflimesgreater 
than 2.0 seconds may beoblained 
by drawing a curve, with the end point (at 70 seconds} taken 
from Figure 8. or calculated 
from the noles, using the given 


curves as a guide. 
Either typical or maximum values may be 
used. 
For ROJL{t) values at pulse widths less than 01 second, 
- 


/ 
Ihe ahove curve can bee •.trapolated 
down to 10/-lsatacon 
,: 
tinuings:ope. 
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28 
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RESISTlVEINOUCilVE 
lOADS 
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TA. AMBIENT 
TEMPERATURE 
(OCl 


Use of the above model permits Junction to lead thermal 
reSistance lor any 
mounting 
configuration 
to be fOund 
Lowest values occur when one SIdeo! the 
rectifier 
is brought 
as close as possible to the heat sink as shown below 
Telms 
In 
the model signify 


TA - AmbIent 
Temperature 
RUS 
Thermdl Reslstdnce.HeatSlnk 
to Ambient 
TL 
- Ledd Temperature 
ROL 
Thermal 
Re:'lstdnce. 
Lead 10 Heat Sink 
Te 
- Case Temperature 
AOJ 
Thermal 
Aeslstdnce.J; 
..mctlon 
10 Cdse 
TJ - Junction 
Temperature 
PF '" Power DISSIpatIon 
(Subscnpts A and K refer to anode and cathode sides respectively) 
Vdlues for thermal 
resIstance componenh 
,ue 
ROL 
400C/W/IN 
TYPically 
and 440C:'WiIN 
Mallimum 
RlJJ 
20C W TYPically 
and 40C:'W Mdxlmum 


Smce ROJ ISso low, measurements of the case temperature. 
TC. wIll be approx 
Imalely 
equal 
to lunCtion 
temperature 
In prcICtlcal lead mounted 
applications 
When u~d 
a~ a 60 Hz rectdu::!r, the slow th!:!rmal response holds T J{PKl 
close 10 
TJ(AVGI 
Therefore 
maxImum 
lead temperature 
may 
be found 
from 
TL" 


I7So-RlJJL 
PF 
PF m••y be loumJ from 
Figure 7 
The recommended 
method of mountmg 
to a P.C board ISshown on the sketch, 


where ROJA ISapproximately 
250C/W 
for a 1 1/2" 
x I 1/2" 
copper surface area 
V<tluesof 400C/W 
are typIcal for mountIng 
to termInal 
strips or P.C boards where 
available surface area is small 
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The rectification 
efficiency 
factor 
0 shown in Figure 
9 was 


calculated using the formula: 


y2o(dcl 


P(dcl 
RL 
Y'o(dcl 
a: --. 
---·100%: 
-------. 
100% (11 
P(rm,1 
Y'o(rm,1 
Y'o(acl 
+ Y'o(dcl 


RL 


For 
a sine wa ••..e input 
Vm sin 
(wt) 
to the diode, 
assumed 
lossless. 


the maximum theoretical efficiency 
factor becomes: 


30 


20 


~~ 
10 
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7.0 
ffi 
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~ 3.0 
.J 
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1.0 
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~ 
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lA 
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i',. 


I--- 
I, 
_I 
t" 1_ 


1.0 


Vf~ 


TJ ~25·C 


0.7 
1- 
1- I,. _I 
I 


'" 


0.5 
VI. 


>=> 
~ 
1:! 
0.3 
'"I0.2 
..:5- 


1T 2RL 
4 


O(,;ne) 
" 
-,- 
. 100%" - 
. 100% "40.6% 
V 
m 
11' 2 


4RL 


For a square wave input of 
amplitude Vm. the efficiency 
factor 
becomes: 
2RL 


O(sqvare)" 
Y'm ·100%:50% 
(3) 


RL 
(A full wave circuit has twice these efficiencies) 


As the frequency 
of the input signal is increased, 
the reverse re- 
covery time of the diode (Figure 10) becomes Significant, 
resulting 
in an increasing ae voltage component across AL which is opposite 
in polarity 
to the forward 
current, thereby reducing the value of 
the efficiency factor a, asshown on Figure 9. 
It should be emphasized that Figure 9 shows waveform efficien- 


cy only; it does not provide a measure of diode losses. Data was 
obtained by measuring the ac component of Vo with a true rms ae 
voltmeter and the dc component with a dc voltmeter. The data was 
used in Equation 1 to obtain points for Figure 9. 
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Dc!o;i:,!.'uP'·!o; 
Data ~heet 


SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


. designed for 
special applications 
such as de power supplies, 


inverters, converters, 
ultrasonic 
systems, choppers, low 
RF inter- 


ference and free-wheeling diodes. A complete line of fast recovery 
rectifiers having typical 
recovery time of 350 nanoseconds providing 
high efficiency at frequencies to 100 kHz. 


DESIGNER'S DATA 
FOR "WORST CASE" CONDITIONS 
The Designers 
Data Sheet permits 
the design of most circuits 
entirely 
from 
the 


information 
presented. 
Limit 
curves - 
representing device characteristic boundaries - 
are given to facilitate 
"worst 
case" design. 


R.l' •.••• 
S 
mbol 
MAllO 
MRI11 
MRS12 
MRB13 
MR814 
MR816 
MRS17 
MR818 
Unll 


Puk 
Repe:UIlVIR•••••rM! 
VARM 
VolU 
Valtege 
WOfkongPe;,k ReverM! 
VRWM 
so 
100 
200 
300 
400 
SOO 
800 
1000 


Vall. 


DC Block,ng Vall. 
VR 
Non·Repettt.ve 
Peak 
VRSM 
100 
200 
300 
400 
500 
800 
1000 
1200 
VolU 


Reve, •• Vollaoe 


RMS 
Reve, •• lIolt_ 
VD'Aun 
35 
70 
140 
210 
280 
420 
560 
700 
Volts 


AVI'ageAICllfned 
'a 
Amp 
Forw,rd 
Current lSongie 
10 
phase. rl$llto",e lo~. 


T 
'" 750CI 


Non·A.pellll",e Peak Sur91 
I"SM 
30 
Ampl 


Current (Iurge appl,ed,t 
r.led 
loed cond,tIO'lI) 


ITa" 
7SoCI 


Optl".t'"i!JuO"lCI,on 
TJ 
+6510.'50 
"c 
T.mperatureAange 


Sto'egeTempenJture 
Tltg 
-65 to .175 
"c 
R.";' 


Ch.,aetHlltic 
Sym~ 
Min 
Ty. 
M •• 
Unit 


Intt.nt.neous 
ForWlfd Volt. 
., 
Volts 


(; 
.• 3.14 Amp, T 
.• lSOOCI 
1.1 
1.2 


ForvwwdVoit. 
V, 
VOItI 


0"" 
100A"'9, 
T 
.• 25°C) 
1.0 
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Aw•.•• Current lretlld de volt.) 
TA .• 25°C 
'R 
1.0 
10 
.A 
T 
•• l000C 
- 
50 
100 


Ch.,ect.,istic 
SV ••••• 
M•• 
Ty. 
M•• 
Unit 


RwwwtR~Timli 
... 


UF. 
1.0 Amp to VA '"'30 Vdc) IFigu,. 
211 
- 
'50 
750 
.. 
llF ••2OmA, IR" 
2.0mA, 
Teklronix 
s-Plu~ln)IF""r. 
221 
- 
1.5 
3.0 
., 


A••.• 
AICO'o'WYCunYal 
IAMIAECI 
Amp 


ll~" 
1.0 Amp to VD" 
JO VdcIIFigu,. 
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- 
30 


MR810thru MR814 
MR816thru MR818 


FAST RECOVERY 
POWER RECTIFIERS 


50-1000 
VOLTS 
1 AMPERE 


L=3 


1 


CATHODE 
BAND 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
5.97 
6.60 
O.2J5 
0.260 
B 
2.79 
3.05 
0.110 
0.120 
0 
0.76 
0.86 
0.030 
0.034 


K 
27.94 
1.100 


CASE: 
Void Free. Transfer Molded 


FINISH: 
Extemal leads are plated 
and are readily solderable 


POLARITY: 
Cathode indicated by 
Polarity band 


WEIGHT: 0,4 Grams (Approximately) 
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PEAK POWER, Ppk. is peak of an 
eQulvdlentsquare 
pOWl!r pulse 


TIME 
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To determine 
m;:lI11mum 
lunct,on 
temperature 
ollhe 
diode In a given 
sItuation, 


Ihe 
following 
procedure 
is recommended 


The 
temperature 
of the 
case 
should 
be measured 
using 
a lhermocoupleplaced 
on the case as close as possible 10 the III!poinl 
The thermal mass connected to 


the 
III! POint 
isnormallv 
large 
enough 
so Ihal 
11 will 
nOl slQmflcantly 
respond 
to 


h I!a t sur 9 I!S 9 I!n er11t I!d III ll' ~ d 10de 11i 11re su It a f p u ISI!d 0 per a lion 
0 nee 
S1ea d y 


stale conditions 
are achieved. 
USing the measured 
value of Te. the junction 


temperature 
may 
be determined 
by 


TJ~TC· 
.TJC 


where 
TJC 
iSlhe 
Increase 
in JunCllon 
temperature 
above 
the 
case 
temperat 
ure 


H may 
be delermmed 
bv 


j TJC "Ppk 
. ROJC [0 • (1 - 0) . r(ll 
+ tp)'" rhp) - r(lll] 
where 


r(I)" 
normalized 
value 
of 
tranSient 
Ihermairesislancealllme 
I from 
Figure 
12.i,e.' 


r (1\" 
tpl" 
normalized 
value 
01 tranSient 
thermal 
resistance 
al umell-Ip 


Data 
shown 
lor 
lhermal 
reSIstance 
Junciion-to 
ambient 
{(JJAllof 
Ihe 
mounllngs 
shown 
IS 10 be used as IYPlulgulde:lne 
values 
10' 
preliminary 
engineering 
or In case 
the 
lie 
pOint 
temperature 
cannot 
be measured 


TYPICAL VALUES FOR "JA IN STilL 
AIR 


MOUNTING 
METHOD 
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112"xll'2"coppersurlace 
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38·· 


MOUNTING 
METHOD 
2 
ft:::-1 ] 
rT. 


~~II~ 


VeCIor 
pm 
mountl.llg 
Board 
Ground 


Plane 


Use of Ii'll' above 
model 
permlh 
juncl.on 
10 Iud 
Ihermill res·stance 
fOI 
ilny mounllng 
conllguratlOn 
to be lound 
For a given lotal 
lead length. 
loweS! villues occur 
when 
one ~Ide 01 the rectifier 
IS \)r.;lught as close as 
pon,ble 
10 the heat smk 
Terms," 
the model SIgnify 


TA 
Ambient 
Tempe'alure 
R'lS 
Thermal Res,stance 
Heilt S,nk 10 AmbIent 
TL'" LeadTemperatu.e 
Rill 
ThermalRc~'S1ance.leadtoHeatSlnk 
TC ~ Case Temperature 
R,)J" The,mal 
Reslstallce, JUllctlon to Ca~e 
TJ '" JunclIon 
Temperature 
PD~ Power D,ss,pation 
ISubscr'ph 
A and K refer 10 anode .nd 
Cillhode SIdes reSpeCllvelyl 


Values for the<mal res,stance 
componenlS 
a.e 
ROL 
11~CW 
IN 
Typ,ullyand 
1280CW 
IN Malllmum 


ROJ" 
laoe 
W Typ,ully 
and JOoe W Malllm"m 
The maxImum 
lead lemperuure 
ma~' be calculated 
as follows 
TL 
lS()O - 
TJl 
TJl 
can be calculated 
a~ shown lil NOTE 
I or II may be approlflmated 
<ISfollo •••.s 
TJl 
'" RtlJL. 
PF PF may be formulated 
for sme wave oJ:jeratlon from 
FIgure 3 or !rom F .gure 4 for stluare wave opera\lon 
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CARBON 
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PRE AMP 
FiiOOO PROBE 
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VOLTAGE 
(VOLTS) 


I DAde 
FROM 


CONSTANT 
VOL lAGE 
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RIPPLE 
~ J m'o'Ims MAX 


Reverse 
recovery 
tIme 
,s the period 
whIch elapses from the 


tIme 
that 
the 
current, 
thru 
a previously 
forward 
bIased 
rectifier 


dIode, 
passes thru zero go'"9 
negat.velV 
unl,l 
the reverse 
c"rrent 


recoven 
to 
a jXllnl 
wh,ch 
IS less than 
10".••peak 
reverse 
current 


Reverse 
recovery 
tIme 
's 
a dIrect 
functIon 
of 
the 
forward 


current 
prIor 
10 the 
applIcatIon 
of 
reverse 
voltage 


For 
any 
gIven 
rectifIer, 
recovery 
tIme 
IS very 
CirCUIt 
depend 


ent 
TypIcal 
and 
malllmUm 
recovery 
tIme 
of 
all 
Motorola 
fast 


recovery 
power 
rectltlersare 
rated 
under 
a f'lIed 
sel of 
condItIons 


uSIng 
IF 
'" 
1 0 
A. 
VA 
'" 
30 
V 
In 
order 
to 
cover 
all 
CorCUlt 


COnd'llons. 
cur~s 
are 
gIven 
for 
typIcal 
recovered 
Slored 
charge 


versus 
COmmulallon 
dlfdl 
for 
vanous 
levels 
of 
forward 
current 


and 
for 
JunCIlOn 
temperalures 
of 
25°C. 
750C. 
l000C. 
and 


1500C 


To 
use 
these 
curves, 
It 
IS necessary 
fO 
know 
the 
forward 


current 
level 
Just 
before 
cOmmutallon, 
the 
CorCUlt ..::Ommulat,on 


d,/dt, 
and 
the 
o~eratlng 
".mCtlon 
temperature 
The 
reverse 
reo 


<;overy 
lest 
current 
waveform 
for 
all 
MOlorola 
fast 
recovery 


recuf,ers 
IS shown 


From 
SIOred 
charge 
curves 
versuS 
d,fdt, 
recovery 
lime 
Itrrl 


and 
peak 
reverse 
recovery 
current 
IIRMIAECII 
can 
be 
closely 


apprOXImated 
uSIng 
Ihe 
follow,ng 
formulas 
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® MOTOROLA 


Designers Data Sheet 


SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


designed for 
special applications 
such as dc power supplies, 


inverters. converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes_ 
A complete 
line of fast recovery 
rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


The Designers 
Data 
sheets 
perm.t 
the design 
of most 
Circuits 
entirely 
from 
the 
in- 


formation 
presented. 
LimIt curv~s - 
representIng 
boundanes 
on devIce 
characteris- 


tiCS - are gIven 
to facilitate 
"worst 
case" 
design. 


R.ting 
Symbol 
MRR20 
MR821 
MR822 
MA824 
MR826 
Unit 


P•• k Repetitive 
RlNerse Volta!Je 
VRRM 
Volts 
Working Peak Reverse Volta9t 
VRWM 
50 
100 
200 
400 
600 


DC Blocking 
Voltage 
VA 


Non-Repetitive 
Peak Reverse 
VRSM 
75 
150 
250 
450 
650 
Volts 


Voltage 


RMS Reverse Voltage 
VAIAMSI 
35 
70 
140 
280 
420 
Volts 


Average Rectified 
Forward 
'0 
Amp 


Current 


ISingle phase, resistive load, 
0 
50 
0 


TA·5S0CII1l 


Non-RepetItive 
Peak Surge 
IFSM 
Amp 
Current 
(Surge applied at rated load 
0 
300 
. 


conditIons) 


Operating 
and Storage JunctIon 
TJ,Tstg 
-65 
to +175 
. 
DC 


Temperature 
Range 121 


Characteristic 
Symbol 
Max 
Unit 


Thermal 
ResIstance, Junction 
to AmbIent 
ROJA 
25 
°CNl 


I Recommended 
Printed Circuit 
Board 


Mounting, 
See Note 6, Page 81 


Characterinic 
Symbol 
Min 
Typ 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
'F 
Volts 


(iF 
= 15,7 Amp, 
TJ. 
1S00CI 
- 
0.75 
1.05 


Forward 
Voltage 
VF 
Volts 


lIF" 
5.0 Amp, 
TJ" 
250Cl 
- 
0.9 
1.0 


Muimum 
Reverse Current, 
(rated dc voltage) TJ" 
25°C 
'A 
- 
5.0 
25 
"A 
TJ.1OOOC 
- 
0.4 
1.0 
mA 


Characterlnic 
Symbol 
Min 
Typ 
Mox 
Unit 


Reverse Recovery Time 
I" 
n. 
(IF ., 1.0 Amp to VR = 30 Vdc, Figure 25) 
- 
150 
200 


(IFM· 
15 Amp, di/dt· 
25 A/~s, Figure 26) 
- 
150 
300 


Reverse Recovery Current 
IRM(RECl 
Amp 


OF •• 1.0 Amp to VR ,. 30 Vdc, Figure 251 
- 
- 
2.0 


MR820 MR821 MR822 
MR824 MR826 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
5.0 AMPERES 


L~ 


MILLIMETEAS 
INCHES 
DIM 
"IN 
MAX 
M1N 
MAX 


A 
10.03 
10.29 
0.395 
0.405 
B 
5.94 
6.25 
0.234 
0.246 
D 
1.27 
1.35 
0.050 
0.053 


K 
25.15 
25.65 
0.990 
1.010 


CASE: 
Void Free, Transfer Molded 


FINISH: 
External Surfaces are Cor- 
rosion 
Resistant 
POLARITY: 
Indicated 
by 
Diode 
Symbol 
WEIGHT: 
2.5 Grams (Approximately) 


MAXIMUM 
LEAD TEMPERATURE 
FOR SOLDERING 
PURPOSES: 


3500C, 3/8" from case for 10 s 
at 5.0 lb. tension. 


VR, 
PEAK 
REVERSE VOI-=l=+C'L 
TS) 


~ 
~ 
RESISTIVE LOAD RATINGS 
PRII~CIRCUIT 
BOARD MOUNTING 
- SEE NOTE 6. PAGE 8 
Y- 


FIGURE 2 - SINE WAV~ INPUT 
FIGURE 3 - SOUARE WAVE INPUT 
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When operating this rectifier at junction 
temperatures 
over 
approximately 
85°C, 
reverse 
power 
dissipation 
and the possibility 
of thermal 
runavo.<ay 
must be con- 


sidered. 
The data of Figure 1 is based upon worst case 


reverse power and should be used to derate TJ(maxl 
from 
its maximum 
value of 
175°C. 
See Note 3 for 


additional 
information 
on derating for reverse power 
dissipation. 


When current ratings are computed from TJ(max) and 
reverse power dissipation is also included. ratings vary 
with 
reverse voltage as shown on Figures 2 thru 
5. 
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MAXIMUM 
CURRENT 
RATINGS 


NOTE 
2 


Current 
derating 
data 
IS 
based 
upon 
the 
thermal 
response 
data 
of 
Figure 
29 
and 
the 
forward 
power 
d Issipa· 


tlon 
data 
of 
FIgures 
19 and 
20 
Since 
reverse 
power 
diSSipation 
1$ not 
conSidered 
In 
Figures 
6 thru 
1', 
addi· 


1I0nai 
derating 
for 
reverse voltage 
and 
for 
Junction 
to 
ambient 
thermal 
reSistance must 
be applied. 
See 
Note 
3. 
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In thIs rectIfIer. power 10ls due to reverse currenl 15generally not 
neglIgIble. 
For rehable CIrCUlideSIgn, the malllmum 
,unctIon 
temperllure 
must be lImIted to eIther 17SoC or the temperature 
whIChresults '" thlrmal runaway 
Proper deral,"g may be accom· 


phshed by use of equat,on 
1 or equal Ion 2 


Equat'o~ 
TA ••Tl- 
(175· 
TJlmlllll-PR 
ROJA 


T1 •• Ma",mum 
Allowable Al'T'bllnt Temperalure 
neglectIng reverse power d,nlpatlon 
(from Fu~u,es 
100r 
10 


TJlrnaltl" 
Malllmum AlIow~le 
JunctIon Tempera 


lure 10 prevenl Ihermal runaway or 1750C. wtllch 
eyer II lower 
ISee F!I~ure11 


PR : Reverse Po""",r D,nlpallon 
IFrom F'gure 12 


0# 13, ~lulted 
lor TJ(ma.1 as shown below) 


R6JA •• Thermal Res,stance, JunClIon 10 Amb,ei'll 


When thermal reSIstance, juncllon 
10 amb,ent, 
II oyer 200e/{\}, 


the effect of thermal response ISneglIgIble 
SatlSfaclory deralong 


may be found by uSIng 


EquatIon 2 
TA: 
TJ(malll - IPR t PFI R'JJA 


PF ••Forward Power D'ISlpallon 
(See FIgures 19 & 201 


Other IIrms del,ned aboye 


Thl 
reverse power lI,yen on F.g.nll 
12 and 13 IScalculaled 
10# 


TJ : 150oC. 
When TJ 's lower, PR WIlldecrease. lISyalue can be 


found by multlplY'"1I PR by Ihe normailied 
reverse current from 
F.gure 14 at the tempe.alureo! 
mteresl 
The re~rse 
PO-'r 
dala II calculaled 
for halll wave rechf,cal,on 
CIrCuits 
For full wave recldlCII1l0n US'"II ellher 
a brIdge or II 


center'lapped 
trllniiormer, 
the dilla for res'5Ilye 10llds ,s eQulYIl' 


Iei'll when Vp ISthe hne 10 lIne yoltage IIcron Ihe rect,l,ers 
For 


Capac.tlye loads. II ISrecommended 
Ihilllthe de case on F,gure 13 


be used, r.rdles.s 
of ,"put waYlform. tor brldve CirCUIts For 


cilPltClt.yely loaded 
full waye cenler·lapped 
CIrCUIts, Ihe 20 1 
dala 01 Flqure 12 shOuld be used lor SIne wave InputS and Ihe 
capaCHlye load data of F'gure 13 shOuld be used for SQuarewaye 
Inputs regard leu of l!pk)lI!av) 
For these IWOcases. Vp ISthe 
\IOtlageKron 
one leg of the lr••nsfo,mer 


EXAMPLE 


Fmd Malllmum AmbIent Temperature 
lor lAV •• 2 A. Capacl"ye 
Load 01 IpK/lAV '" 20. 
InOUI Vollage '" 120 V (,msl 
SlOe WlIye. 


R6JA" 
2SoCfW. H••U Wave C,rC\.lI1 
SolutIon 1 


Slep 1 
F,nd 
Vp; Vp 
: J2 
Vm ,. 169 V, VRlpkl 
•. 338 
V 
SIep2 
Fmd TJ(malll 
Irom FIgure 
1 
Relld TJ(mlll) 
: 1190C 
Step 3 
FInd PRlmalll from FIgure 12. Re~PA 
- 770mW@1400C 
Step4 
FmdlRno,mallzedfromFlgurell\ 
AeadIA(norml"04 


StepS 
CorreCI PR toTJlmalll. 
PR" 
IRlnorm) 
II PR (FIgure 121 
PR "04 
II 770" 
310 rnW 
Step 6 
Find PF from FIgure 19 
Read PF •• 24 W 


Slep 7 
Compule TA from TA ~ TJ!mallJ 
IPR' 
PF) RRJA 
TA ~ 119 - (Q 31 t 241(25) 


TA 
•• 510e 


Solullon 2 


Steps 1 Ihru ~lIre lIsllbove 
Step6 
FmdTA 
",T1fromFlgure 
10 
ReadTA~llSoC 


Slep7 
ComputeTAfromTA",T.·{175 
lTJima,,11 
PRRIlJA 
TA"'lIS 
1175 
119) 
(031H25) 


TA" 
510C 


CAPACITIVE 
:;... 


~:IPKI'IO~ 
I£:=-...- 


'IAVI 


=::t:.~0 
- 
_20 


-> RESISTIVElOAOS_ 


I 
I 
I 
1_ 


/. 
./ 
JII[r:r--' - 
,/ 
Vp 
_..:.- 
- 
I 
__:]' 
== 


TJ~ 
140~C - 
MAXIMUM - 


TYPICAL = 
I 


~ 
1000 


~ 
700 
~ _ 
500 
~;o 
WE 
~; 
300 
~o 
u.J ~ 
200 
'"'<:~ 
'S: ~ 
100 
<0 
70 


10 


I 
,/ 


I 
./ 


=VR'400V 
./ 


./ 


./ 


./ 


1/ 


I 
.- 
- 
CAPACITIVE 
- 
-lOADS 
- 
V 
./ 
- :./ 
["-. /' ~ 
- ::-- 
- 


/ 
RESIST'yE lOAOS- - 


dc- JII[rI~} 
V 
Tr 14rC 


MAXIMUM 


TYPICAL 


a;: 
3000 
~ 
~ 
2000 


W~ 
~ ~ 1000 


~; 
700 


t:: ~ 
500 
«~~ 
w v; 
300 
>~ 


e:t 0 
200 


'><~ 


101 


;;' 
104 


.3...z 
W 
103 
~~ 
=> 
u~~ 102 
~ 
'" 10' 


TJ = 175°C 


ISOoC 


125°C 


JOOoC 


75°C 


sooe 


2S0e 
T 


200 f--f---f- 
TJ 


1 


~ 251 


C 


ITYPI~AL 
v 
/,/ 


V 
~AXIMUM 


70 


0: 
50 
/ 
/ 
"" 
/ / 
>-z 
30 
w~~ 
=> 
20 
/ 
'"~ 
« 
I 
~ 
'" 
10 
~ 
=> 
'" 
7.0 
z 
~ 50 
~ 
"- 
30 


20 


'00 


0: 
~ 300 


>-zw~ 200 
~ 
=> 
u~ 
« 
"~ 100 
~~ 
80 
~ 
~ 


60 


....•...•• 


r--- 
rt NQN·REPETIT1VE 
VRRM 
MAY 
8E APPLIED 
I 


8ETWEEN 
EACH 
CYCLE 
OF 
.......... 
r---. 
SURGE 
THE 
TJ NOTED 
IS 


....•...•• 
TJ P~'OR 
~O SURGE 
. 


....•...•• 


r--- 


....•...•• 


,TJ 
~ 25~C 


......... r--- 


......... 
......... , 
...••..• 


•..•.••..•.. 
~ 


- 
REPETITIVE 
25°C 
...••..• 
, 


~C 
I 


I 


+1.5 


~ 
tlO 
;; 


~ 
+05 


;:; 
:::-05 
8 -1.0 


~ 
~ 
10- 


0- 
7.0 
~S5.0 
:5~3.0 
~z 
~~20 
~~ 
~~ 
10 
s: Cl 0.7 
g 
05 


TYPICAL 
RECOVERED 
STORED 
CHARGE 
DATA 


ISee NolO 41 


tFM' 
20A 


10 A 
•••••••i-'" 


\OA~ 
~ /" 


~ 
p'••... 
',OA 


~ 
~ 


'"~g 


'" 02 
~ 


~ 
01 
'"~ 


~ 
0 05 


~g 002 


III 


"M 
20 A 
I 
lOA 
-... 


"'- V 


~ 
k 


\ 0 A 


lOA 
.fiV 
I 
.a;/' 


'"~g 
05 


'"~ 
~ 
02 
'" 
~ 
0 I 


8 
~ 005 
.,; 
o 


Revene 
recovery 
tIme 
IS the penod 
which elapses 
from the 


time 
that 
the current, 
thru 
a previously forward 
biased rectifier 
diode. 
passes thru zero going 
negatively 
until 
the reverse current 


recovers 
to 
a point 
which 
is less than 
10% peak 
reverse 
current. 


Reverse recovery time 
1$ a direct 
functIOn 
of the forward 


current 
prior to the application 
of reverse voltage, 


For 
any 
given 
rectIfier. 
recovery 
time 
IS very 
CirCUit depend- 


ent. 
Typical 
and 
maximum 
recovery 
time 
of all 
Motorola 
fast 


recovery 
power 
rectifiers 
are rated 
under 
a fixed 
set of condItions 


using 
IF = 1.0 A, VR 
= 30 V 
In 
order 
to 
cover 
all 
Circuit 


oonditions. curves are given 
for typical recovered stored charge 


versuscommutation 
dddt 
for various levelsof forward current 


and for junctIOn temperatures of 
2SoC, 7SoC, 1000C, and 
lS00C. 


To use these curves, It 
IS necessary to know the forward 
current level just befOle commutation, the circuit commutation 
di/dt, 
and the operating junction temperature. 
The reversere- 
covery test current 
waveform for all Motorola 
fast recovery 
rectifiers is shown. 
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From stored charge curves versus dt/dt, 
recovery time {trrl 


and peak reverse recovery current {I RM(RECII 
can be closely 


approximated using the following formulas: 


[ 
OR] 
1/2 


trr= 
141 
x 
-- 
dl/dt 


30n 
sow 


NON·INDUCTIVE 


UNIT 


UNDER 
TEST 


R,In 


lOW 


NON·INOUCTiVE 
30 Vdc 


CONSTANT 
VOL TAGE 


SUPPLY 
+ 


A - 
TEKTRONIX 
545A. 
K PLUG 
IN 


PRE·AMP. 
P6000 
PROBE 
OR EOUIVALENT 


Rl 
- 
ADJUSTED 
FOR 
1.4 nBETWEEN 


POINT 
2 OF 
RELAY 
AND 
RECTIFIER 


INDUCTANCE. 
38"H 


R2 - 
TEN·I 
W. 10 n. 
1% CARBON 
CORE 


IN PARALLEL 


TA' 
25 ~lgoc FOR 
RECTIFIER 


MINIMIZE 
ALL 
LEAD 
LENGTHS 


1.0 Ad' 
FROM 
CONSTANT 
VOL TAGE 
SUPPL Y 


RIPPLE" 
3 mVrms 
MAX 


- 
Zout" 
l%nMAX,DCto2 
kHz 


AI" 
50 Ohms 


R2 "250 
Ohms 


01' 
lN4723 


D2·1N4001 


03' 
IN4933 


SCRI 
• MCR729·10 
Cl ::0.5 to 50J,lF 


C2 "" 4000 J,lF 
11 " 1.0 - 27 pH 


T1 '" Varlac Adjusts 
IIPK) and dl/dl 
Tl'l1 


T3" 
1:1(10 
trigger 
CIrCUit) 


TI 


120v~cTl 
II 


60 
Hz 


1.1 


10 


T.D 
.3 
5.0 
w,. 
3.0 
'"~ 
2.0 
>g 
1.0 


~ 


0.7 


"" 
0.5 
~ 
0.3 
- 
0.2 


~= 
f----- 


TJ'" 250C 
t=== vff+- 
I 
Vir" 
1.1 V 
- 
~llr 
L'fr 
- 


./ 


.--V- 
-- 


CURRENT 


VIEWING 


RESISTOR 


TJ" 25°C 


I-- 
......... 


..... 


70 


50 
- 
uz~ 
30 
U~~ 
.j 
20 


~L~ 


'--- 
HEAT 
SINK 
/' 
, 
L-1/4" 


---I--- 


...-- 


1.0 


« 
0.7 
~ 0 
0.5 
>ow 
~ NO.3 
•... ::; 


~ ~ 
0.2 
~~ 
<tz 
:= ~ 
0.1 
wU 
~ ~ 0.07 


~~ 
0.05 


~a: 
0.03 


The 
temperature 
of 
the 
lead 
should 
be 
measured 
using 
a 
thermocouple 
placed 
on 
the 
lead as close as possible 
to the tie 
point. 
The 
thermal 
mass 
connected 
to 
the 
tie 
point 
is normally 
large enough 
so that 
it 
will 
not 
significantly 
respond 
to 
heat 
surges 
generated 
In the 
diode 
as a result 
of 
pulsed 
operation 
once 
steady-state 
conditions 
are 
achieved. 
Using 
the 
measured 
value 
of T L. 
the 
junction 
temperature 
may 
be determined 
by 


TJ=TL-+ATJL 


where 
a T JL 
is the 
increase 
in Junction 
temperature 
above 
the 
lead temperature. 
It may be determined 
by 


a 
TJL 
:< 
Ppk 
• AOJL 
10 
-+ 
(I 
- 01' 
rill 
+ 
tp) 
-+ 
r(tp) 
- rlll)1 


where 
rll) 
"" normalized 
value 
of transient 
thermal 
resistance 
at 
time 
t from 
Figure 
29, i.e.: 


r(t1 
+ 
tpl 
:: normalized 
value of transient 
thermal 
resistance 
at 
time 
t1 + tp' 


r:=l Ppk rI Ppk 
DUTY 
CYCLE 
= lp/ll 
--=:J 
lp c.....J 
L 
PEAK 
POWER, 
Ppk, 
IS peak 
of an 


~IJ~ 
TIME 
eqUivalent 
square 
power 
pulse 


FIGURE 30 - STEADY-STATE 
THERMAL 
RESISTANCE 


40 


Use of 
the 
above 
model 
permits 
junction 
to 
lead 
thermal 


resistance 
for 
any 
mounting 
configuration 
to be found. 
Lowest 
values occur 
when 
one side of the rectifier 
is brought 
as close as 


possible 
to 
the 
heat sink 
as shown 
below. 
Terms 
in the model 
signify: 


T A :: Ambient 
Temperature 
ROS:: 
Thermal 
Resistance, 
Heat 
sink to Ambient 
T L 
= Lead Temperature 
RB L 
= Thermal 
Resistance, 
Lead 


to Heat Sink 
TC = Case Temperature 
ROJ = Thermal 
Resistance, 
Junc- 


tion 
to Case 
T J = Junction 
Temperature 
Po = Power 
Dissipation::: 
PF 
+ 


PR 
PF = Forward 
Power 
Dissipation 


PA = Reverse 
Power 
Dissipation 


(Subscripts 
A and K refer to anode and cathode 
sides respectively) 
Values for thermal 
resistance 
components 
are: 


ROL 
== 400C/W/IN. 
Typically 
and 440C/W/IN 
Maximum. 


AOJ 2 20C/W 
Typically 
and 40C/W 
Maximum. 


Since 
RBJ 
is 50 low, 
measurements 
of 
the case temperature, 


TC' 
will 
be approximately 
equal to junction 
temperature 
in prac- 


tical 
lead mounted 
applications. 
When used as a 60 Hz rectifier, 


the slow thermal response holds TJ(PKI close to TJ(A VI. There- 
fore maximum lead temperature may be found as follows: 


TL 
= T J(maxl 
- oT JL 


where 


6T JL can be approximated 
as follows: 


oT JL;;::::: 
ROJL 
• PO; 
Po 
is the 
sum 
of 
forward 
and 


reverse power 
dissipation 
shown 
in Figures 
12 & 19 for 


sine wave 
operation 
and 
Figures 
13 
& 
20 for 
square 
wave operation. 


The 
recommended 
method 
of 
mounting 
to 
a P.C. 
board 
is 
shown 
on the sketch, 
where 
ROJA is approximately 
2SoC/W 
for 


a 1-1/2" 
x 1-1/2" 
copper 
surface 
area. 
Values 
of 400C/W 
are 


typical 
for mounting 
to terminal 
strips 
or P.C. boards 
where 
avail· 


able surface area is small. 


® MOTOROLA 


HERMETICALLY 
SEALED, 
AXIAL 
LEAD 
MOUNTED 
FAST RECOVERY 
POWER 
RECTIFIERS 


designed for 
special applications 
such as de power supplies, 
inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. 
A complete 
line of fast recovery 
rectifiers 
having typical 
recovery time of 150 nanoseconds providing 


high efficiency 
at frequencies to 250 kHz. 


Rating 
Symbol 
MR830 
MR831 
MR832 
MR834 
MR838 
Unk 


Peak Repetitive 
Rev.rse Voltage 
VAAM 
Volts 


Working 
Palk 
R•••••rse Volt. 
VAWM 
50 
100 
ZOO 
400 
600 


DC Btocking Voltage 
VA 


Average Rectified 
For .•••.•rd Current 
'0 
Amps 


ISingle phase, ("Iltlva 
load. 
0 
3.0 
. 


TC" 
1000e1 


Non-Repetitive 
Peak Surge Curr.nt 
IFSM 
Amps 


!surge appl ied at r.ted 
loed 
0 
100 
~ 


conditIons) 


Operating Junction 
Temperature 
TJ 
. 
-65 
to +150 
. 
°c 


Range 


Stor~ 
Temper'tur. 
Range 
Tug 
0 
-6510 
+175 
. 
°c 


Characteristic 
Symbol 
Min 
M •• 
Unit 


Forward 
Voltage 
V, 
Volts 


(IF" 
30 Adc, TA" 
2SoCI 
- 
1.1 


Reverse 
Current 
(rated 
DC Vohagel 
'A 
mA 


TA 
= 2SoC 
- 
0.05 


TA=l00oC 
- 
1.5 


Characteristic 
Symbol 
Min 
Ty. 
M•• 
Unit 


Meven. 
Recovery 
Time 
t" 


lIF 
= 1,OAmp 
to VA· 
30 Vdc) 
- 
150 
200 
n. 


(lFM" 
15 Amp, di/dt ••25 A/~sl 
- 
150 
300 
no 


Reverse Recovery Current 
IRMIRECI 
Amp 


lIF '"' 10 Amp 
10 VR •• 30 Vdcl 
- 
- 
2.0 


MR830 MR831 
MR832 MR834 
MR836 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOL TS 
3 AMPERES 


K 


I_1_ 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
- 
11.43 
- 
0.450 


B 
- 
8.89 
- 
0350 


C 
- 
7.62 
0.300 
0 
1.17 
1.42 
0.046 
0.056 
K 
24.89 
- 
0.980 


CASE: 
Welded. hermetically sealed 


FINISH: 
All external surfaces corrosion 
resistant and leads readily solderable 


POLARITY; 
Cathode to Case 


WEIGHT: 
2.4 Grams (Approximately) 


@ MOTOROLA 


Designers Data Sheet 


SUBMINIATURE 
SIZE, AXIAL 
LEAD 
MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


designed for 
special applications 
such as dc power supplies. 


inverters, converters, ultrasonic systems, choppers, low RF interfer- 
ence and free wheeling diodes. 
A complete 
line of fast recovery 


rectifiers having typical recovery time of 150 nanoseconds providing 
high efficiency at frequencies to 250 kHz. 


The 
Designers 
Data 
sheets 
permit 
the design 
of 
most 
c,rcults 
entirely 
from 
the 
10· 


formation 
presented 
Limit 
curves 
- 
representIng 
boundarIes 
on 
device 
charactens- 


tiCS 
- 
are given to facilitate 
"worst 
case" 
desIgn. 


Rating 
Symbol 
MRSSO 
MR851 
MR852 
MR854 
MR8S6 
Unit 


Peak RepetitIve 
Reverse Voltage 
VARM 
VollS 
WorkIng 
Peak Reverse 
Voltage 
VRWM 
SO 
;00 
200 
400 
600 
DC BlockIng 
Voltage 
VA 


Non·Repetltlve 
Peak Reverse Voltage 
VASM 
75 
150 
250 
450 
650 
Volts 


RMS 
Reverse 
Voltage 
VRIAMSI 
35 
70 
140 
280 
420 
Volts 


Average RectIfied 
Forward 
Current 
'0 
30 
. 
Amp 
ISlngle 
phase resistive 
load. 


TA 
= 900CHlI 


Non·Repetttive 
Peak Surge Current 
IFSM . 
'00 
. 
Amp 


Isurge applIed 
at rated 
load 
lone cvclel 


conditions) 


Operating 
and Storage 
Junction 
TJ.Ts1g 
-65 
to •.175 
°c 


Temperature 
Range [21 


Charactenstic 
Symbol 
M •• 
Umt 


Thermal 
Aeslstance. 
Junction 
to AmbIent 
RIJJA 
28 
°C/W 
IAecommended 
Printed 
CirCUit Board Moutlng, 


See Note 6. Page BI 


Characteristic 
I 
Symbol 
Min 
Typ 
I 
M•• 
Unn 


Instantaneous 
Forward 
Voltage 
"F 
- 
0.9 I 
" 


Volts 
('F 
= 9.4 Amp, 
T J • 1750Cl 


Forward 
VoltAge 
VF 
- 
104 
125 
Volts 


!IF 
= 3.0 Amp. 
T J • 25°C I 


Reverse 
Current 
Iraled 
de voltage) 
TJ 
-= 250C 
'A 
- 
20 
'0 
"A 


MAB50 
- 
- 
'50 


~ MABS1 
- 
60 
150 


TJ = 100°C l MA852 
- 
- 
200 
MA8S4 
- 
- 
250 
MA8S6 
- 
'00 
300 


Ch.r.ctenstic: 
Svmbol 
Min 
Typ 
M •• 
Unit 


Reverse 
Recoverv 
T.me 
In 
n. 
I[F· 
1 a Amp 
to VA = 30 Vdc,F,qure 
251 
- 
150 
200 


OF 
s 15 Amp. 
di/dt 
'"' 10 A/~s, 
F'9ure 
261 
- 
200 
300 


Rever" 
Hecoverv 
Current 
IRM(RECI 
- 
- 
20 
Amp 
OF 
s 1.0 Amp to VR = 30 Vdc. Figure 
25) 


MR850 MR851 MR852 


MR854 MR856 


FAST RECOVERY 


POWER RECTIFIERS 


50·600 VOL TS 
3 AMPERE 


MiLLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0.370 
0.380 


8 
4.83 
5.33 
0.190 
0210 


0 
122 
1.32 
0.048 
0.052 
K 
2697 
27.23 
1062 
1072 


Case: Void 
Free. Transfer Molded 


Finish: 
External 
Leads are Plated. 


Leads are readily Solderable 


Polarity: 
Cathode Indicated by Po- 
larity Band 
Weight: 
11 Grams (Approximately) 
Maximum Lead Temperature for 
Soldering Purposes: 


3000C. 
1IS" 
from case for 10 s 
at 5.0 lb. tension 


~ 


170 


~ 
160 
=>•... 
~ 
150 
~ 
z 
140 
0i 
130 
~ 
120 


I 
I 
'- 
'- 
"- 
"- 
'- -'.. 
- 
"- 
"- 


~OJA' 
10'CIW- 


••..•.... 


20'C;:;-'" 
" 


••..•.... 
..••..• 


" 
"- 
••..•.... .../ •.•..•.. 
..••..• 


28'CIW ' 
"- 


•.•..•.. 
•.•..•.. 


A 
..••..• 
•.•..•.. 


500CIW 
..••..• 


"- " 
...•..... 


..••..• 


When operating this rectifier at junction temperatures 
over 1200C. reverse power dissipation and the possibil- 
ity of thermal runaway must be considered. 
The data 
of Figure 1 is based upon worst case reverse power and 
should be used to derate T J(max) from 
its maximum 
value of 175°C. 
See Note 2 for additional information 
on derating for reverse power dIssipation . 


When current ratings are computed from T J(max) and 
reverse power dissipation is also included. ratings vary 
with 
reverse voltage as shown on Figures 2 thru 
5. 


'" 


1.8 
~ 
•... 


1.6 
z~~ 
1.4 
=> 
u 


0 
1.2 
~ 
"'~ 
1.0 
0 
0.8 
"' 
~ 
0.4 
"':; 
0.2 
g 


Current 
derating 
data 
is 
based 
upon 
the 
thermal 
response 
data 
of 
Figure 
29 
and 
the 
forward 
power 
dissipa- 


tion 
data 
of 
Figures 
19 
and 
20. 
Since 
reverse 
power 
dissipation 
is not 
considered 
in 
Figures 
6 
thru 
11. 
addi· 
tional 
derating 
for 
reverse 
voltage 
and 
for 
junction 
to 
ambient 
thermal 
resistance 
must 
be 
applied. 
See 
Note 
2. 
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~'118" 


RESISTIVE·INDUCTIVE 
_ 


LOADS 
_ 


~ 


"'- 


BOTH 
LEADS 
TO HEAT 


~4" 
......... 
SINK 
WITH 
LENGTHS 
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.•...•...... 
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AS SHOWN 
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B5 
95 
105 
115 
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135 
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In thIs rectifIer. 
power loss due to reverse current 'I generally not 
negligible. 
For 
reliable circuit 
design. the maximum 
junction 


temperature 
must be limited 
to either 1750e or the temperature 
which results in thermal runaway. 
Proper derating may be accom- 


plished by use of equatIon 1 or equatIon 2. 


Equation 
1 
TA'" 
T 1 - (175 - TJlmall:)l - PR ROJA 


Where' 
Tl 
= 
Maximum 
Allowable 
Ambient 
Temperature 
neglect,ng reverse power dlssipat,on 
Ifrom 
Figures 
10 or 111 


TJ(mu) 
= MaXimum Allowable 
Junction 
Tempera' 


ture to prevent thermal 
runaway or 1750e. 
which 
ever ISlower. 
ISee Figure 11 


PR '" Reverse Power DIssipatIOn (From 
Figure 12 
or 13. adjusted for T J(max) as shown below) 


ROJA '" Thermal 
ReSIstance, Junction 
to Ambient 


When thermal 
resistance. junct,on 
to amb,ent, 
ISover 200C/W, 
the effect of thermal response is negligIble. 
SatIsfactory 
derating 
may be found by uSIng 


EquatIon 2 
TA" 
TJlmax) 
- (PR .•.PFI R/:tJA 


The reverse power given on F'gures 12 and 13 II calculated 
for 
TJ = 150oe. 
When T J ISlower, PR will decrease, its value can be 
found 
by mult,plying 
PR by the normalized 
reverse current from 
F,gure 14 at the temperature 
of interest. 


The reverse pOw,'r data 
15 calculated 
for half wave rectifIcation 
circuits. 
For 
full 
wave rectification 
uSing either 
a bfldge 
or a 


center-tapped 
transformer. 
the data for reSistive loads is equiva- 


lent when Vp .s the I.ne to hne voltage across the rectifiers. 
For 
capacitive loads,.t 
is recommended that the dc case on Figure 13 
be used, regardless of Input waveform. 
for bfldge Circuits. 
For 


capacitively 
loaded 
full 
wave center-tapped 
circuits. 
the 20: 1 


data of 
Fiqure 
12 should 
be used for sine wave inputs and the 
capac'tlve 
load data of Figure 13 should be used for square wave 
Inputs regardless of I(pkl/l(av). 
For these two cases, Vp is the 
voltage across one leg of the transformer. 


Example 1 
Find maximum ambient temperature for IAV" 
2 A. 


capacitive 
load of IpK/lAV 
•• 20, Input 
Voltage •• 


60 V (rms), sine wave. ROJA •• 2SoCIW, half wave 
circuit. 


Solution 
1 
lustng EquatIon 
1) 


Step 1 
Find Vp; Vp" 
J2 
Vtn" 
85 V, VR(pkl 
'" 170 


Step 2. 
Find 
TJ(max) 
from 
Figure 
1. 
Read TJlmaxl 
'" 


1570C 


~i~d@Pr5~"JCxl from 
Figure 
12. 
Read PR '" 360 


Find IR normalized from Figure 14. Read IR(norm) 
'" 1.5 


Correct 
PR to 
TJ(maxl· 
PR '" IRlnorml 
x PA 
(Figure 12) PA = 1.5 x 360 '" 540 mW 


Find 
TA 
= T 1 from 
Figure 10. 
Aead T 1 '" 940C 


Compute TA from TA •• T 1 ·1175 - TJ(max) 
. PR AOJA 
TA" 
94 - (175 - 1571 '10.54) (281 


TA"'610e 


Find PF from Figure 19. 
Read PF •• 3.0 W 


Compute TA from TA 
= T J(mul 
. (PA of PFI ROJA 
TA" 
157 . (0.54 + 3128 


T A'" 
580C 
The discrepancy occurs because thermal response is factored into 
solut.on 
1. and advanta~ 
is taken of the cooling 
time after the 
power 
pulse and before 
reverse voltage achieves its max,mum. 


610C ISa satisfactory 
amb,ent temperature. 
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FIGURE 
12 - 
REVERSE POWER DISSIPATION, 
SINE WAVE 
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FIGURE 
13 - 
REVERSE POWER DISSIPATION, 
SQUARE WAVE 
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FIGURE 21 - TJ = 250C 
(See Note 31 
FIGURE 22 - TJ = 750C 
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NOTE 3 


~ 
Reverse recovery ';me " the per;od wh>eh elapses from the 


time 
that 
the current, 
thru 
a previously 
forward 
biased 
rectifier 


diode. passesthru zero going negatively 
until the reverse current 


recovers 
to 
a point 
which 
is less than 
10% peak 
reverse 
current. 


Reverse recovery 
tIme 
IS a direct 
function 
of the forward 


current prior to the application 
of reverse voltage. 


For 
any 
given 
rectifier, 
recovery 
time 
is very 
cirCUit 
depend- 


ent. 
Typical and maximum recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 


using 
IF = 
1.0 A, VA 
= 30 V. 
In 
order 
to 
cover 
all 
Circuit 


conditions, curves are given for typical recovered stored charge 
versuscommutation 
di/dt 
for variOuslevels of forwarc current 
and for junction 
temperatures of 
2SoC, 7SoC, 1000C, and 
15o"C. 


To use these curves, It is necessary to know the forward 
current level just before commutation, 
the circuit commutation 
di/dt, 
and the operating junction 
temperature. 
The reversere- 
covery test current 
waveform for all Motorola 
fast recovery 
rectifiers is shown. 
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From stored charge curves versus dl/dt, 
recovery time ltrrl 


and peak reverse recovery current 
(lRM(RECI) 
can be closely 
approximated using the following formulas: 
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Q 
] 
1/2 
trr"" 
1.41 x 
~ 
dl/dt 
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To 
dete.m,n, 
m •• imum 
Junellan 
t.mp.rltur. 
of 
tn, 
dlod. 
in • 
g' ••••n "tu.tlon, 
tn, follOw.ng 
procedure 
.s 'ecommended 


Th. 
temp.few 
•• 
of 
t •..•• lead 
should 
bl 
mQUured 
using 
• 


thermocoupl. 
placed 
on 
the 
l•• d 
IS Clote 
u possible 
to 
lhe 
Ii, 
POII'It 
The 
th.rm,1 
mus 
connected 
to 
the 
II' poont 
IS norm.U", 


I,'g. 
enough 
$0 
thet 
'I 
will 
not 
"uno"c.nt1v 
•• ,pond 
to 
h •• 1 


surge, 
genet, 
led ,n th, 
d.ode 
1$ • r."",1t ot 
puhed 
operel,on 
one. 
st •• dV st8t. 
condItIons 
er. 
,chieYe<! 
UII"; 
the 
meilSured 
II.IUI 
of TL• thl iVnel'O" ,.mpe,uur. 
m.v b. dlt8,mlned 
bv 


TJ"TL+~TJL 


whIr 
•. 
, 
T JL 
IS thl 
inc",ne 
on JunctIon 
temperltu,e 
.boy. 
thl 
••..:! Ilmp.retvrl. 
II m,y 
bl determIned 
by 


Us. 
of 
the 
i1bov' 
model 
permIts 
Junction 
10 
lead 
th.rmlr 


re"$lance 
for 
i1nV mounting 
configuration 
10 
be 
found. 
For 
a 


given 
total 
lead 
length, 
10we51 
v.lue, 
occur 
wh.n 
on. 
side 
of 
11'1, 
rectifier 
is broughl.' 
cloM 
as pO$$lble 
to 
Ihe 
hIlt 
smk 
Terms 
in 
thl 
model 
"gnofV. 


T A - 
Amb,ent 
Tlmperuure 
Aes" 
Thermal 
Ae'lStanCI, 


S,nk 
to 
Amb,ent 
TL 
m LI!i1d Temperuure 
A8L 
•• Thl.mill 
A'lllIancI, 


to 
Heat 
Smk 
Te 
• Case 
Temperalure 
A(JJ" 
Thermal 
Ae"'tance, 


lion 
to 
Case 
T J •• JunClIon 
Temperature 
PO· 
TOUI 
Power 
OI$$lpatlon 


PF' 
PA 
PF 
Forwil'd 
Po •••••• 0,$$lpa1.on 


PA 
•• Aeverse 
Power 
D'SSIPill'O'l 


(Subscripts 
A .nd 
K .efer 
10 anOde 
i1nd calhOde 
',dlU 
.espectlvelv 
) 
Values 
for 
thermal 
"',lIar,ce 
componenlS 
ere 


A(JL·460C/WIIN 
TVP'cIIlV 
i1nd 4S°c..'W/IN 
M".,mum 


A(JJ 
• 
100CfW 
Tvplc"llv 
and 
160CfW 
Ma •••mum 


The 
m ••• ,mum 
lead 
temper.tu.e 
maV 
be 
found 
as follow, 


1'. T JL c.n be 
IPp.o 
••,meted 
IS follows 


tiT JL 
:::::: A8JL 
. PO' 
Po 
1$ the 
sum 
of 
fo •••••••d 


fInd 
,1\lerSI 
POW8' 
d,ss,p.lion 
shown 
In Flgur.s 


2 
end 
4 
for 
slOe 
wave 
operatipn 
and 
Figur.s 
3 


.nd 
5 for 
sQuarl 
wavI 
opera 
liOn 


FIGURE 30 - STEADY·STATE 
THERMAL 
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0.1. 
sho ••••n for 
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IA(JJAI 
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mountings 
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IS tvplcal 
gutdellne 
velues 
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tie 
P0ll11 
tlmperllure 
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@ MOTOROLA 


Designers 
Data Sheet 


STUD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


. designed for special applications ~uch as dc power supplies, inverters, 
converters, ultrasonic systems, choppers, low RF interference, sonar power 
supplies and free wheeling diodes. A complete line of fast recovery rectifiers 
having typical 
recovery time of 150 nanoseconds providing high efficiency 
at frequencies to 250 kHz. 


The 
Designers 
Data 
sheets 
permit 
the design 
of most 
circuits 
entirely 
from 
the 


InforrT'atlon 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on device character· 


isties - are given to facilitate 
"worst 
case" 
design. 


Rating 
Symbol 
MRR60 
MR861 
MR862 
MR864 
MR866 
Unit 


Peak RepetItive 
Reverse 
Voltage 
VRRM 
Volts 


WOfk,ng Peak Reverse 
VOltage 
VAWM 
50 
100 
200 
400 
600 
DC Blocking 
VOltage 
VA 


Non Repetilive 
Peak Reverse 
Voltage 
VRSM 
7S 
150 
250 
450 
650 
Volts 


RMS Reverse 
Vollage 
VRlRMSI 
35 
70 
'40 
280 
420 
VOlts 


Average 
RectifIed For ••••. 
ard Current 
'0 
Amps 
(S,ngle phase. res.st,ve 
load 
. 
40 


TC 
1(Xr)cl 


Non 
Repelilive 
Peak Surge Current 
IFSM 
Amps 


lsu(gt' appl,ed 
••t rated 
load 
. 
350 


conditIons) 


Operating 
JunCI!on 
Temperalure 
T J . 
-65 to +160 
. 
°c 


Range 


SlOrage 
Tt>mperalure 
Range 
Tstg . 
-65 
to + 175 
. 
°c 


CharacterIStIC 
Symbol 
Mon 
TVO 
M •• 
Unit 


Instantaneous 
Forward 
Voltage 
'F 
- 
13 
16 
Volts 
I'F 
= 125 Amp, 
TJ 
= 1S00CI 


Forward 
Voltage 
VF 
- 
1.0 
1.4 
VOlts 
(IF· 
40 Amp. 
Te 
= 2SoCl 


Reverse 
Current 
lrated 
de vo1tagel 
'H 
TC·250C 
- 
25 
50 
"A 
TC"00"C 
- 
1 0 
20 
mA 


Owwaet.,iltic 
Symbol 
Min 
Tv. 
M•• 
Unit 


Rev ••• 
RlCOVWy 
Time 
I" 
n. 


(IF • 1.0 Amp to VR • 30 Vdc. Figur. 161 
- 
150 
200 


(I 
• 36 Amn A;JOI'''' A 
F"',.171 
- 
200 
400 


R••.•.• 
Ree::cw.y 
Current 
IRMIREC) 
- 
2.0 
3.0 
Amp 


11-=· 1.0 Amp to Va· 
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MR860 MR861 
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MR866 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
40 AMPERES 


WF 


I 
. 
A 


I. 
~_. 
_'_I 


8 -I 


MILLIMETERS 
INCHES 


OIM 
MI. 
MAX 
MI. 
MAX 


A 
16.94 
17.45 
0.667 
0.687 


8 
16.94 
- 
0.667 


C 
11.43 
- 
0.4S0 


0 
9.53 
0.375 


E 
2.91 
5.08 
0.115 
0.100 


F 
- 
1.03 
- 
0.080 


H 
1.52 
- 
0.060 
J 
10.72 
11.51 
0.422 
0.453 
K 
25.40 
1.000 


L 
3.86 
- 
0.152 


p 
5.59 
6.32 
0.220 
0.249 
Q 
3.56 
4.45 
0.140 
0.175 


.OTES, 


I. Dimension 
"P"isdiameter. 


2. All JEDEC dimen$ionsand 
notesapply. 


CASE 
257·01 
00·5 


MECHANICAL 
CHARACTER ISTICS 


Case: Welded, hermetically 
sealed 
FINISH: 
All external surfaces corrosion 
resistant and readily solderable 


POLARITY: 
Cathode to Case 
WEIGHT: 
17 Grams (Approcimately) 


MOUNTING 
TORQUE: 
25 in.lb 
max, 
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FIGURE 6 - 
CURRENT DERATING 
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FIGURE 9 - NORMALIZED 
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SUPPl Y 
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A - TEKTRONIX 545A, K PLUG IN 
PRE·AMP, PliOOOPROBE OR EOUIVALENT 


RI - AOJUSTEO fOR 1.4nBETWEEN 


POINT 
2 OF 
RELAY 
AND 
RECTIFIER 


INOUCTANCE ~ 38"H 


R/- 
TEN·! W, 10n. 1%CARBON CORE 
IN PARALLEL 


TA" 
25 ~l~oC 
FDA RECTI FlEA 


MINIMIZE ALLlEAO 
LENGTHS 


1.0 Ado fROM CONSTANT VOLTAGE SUPPLY 


RIPPLE 
'" 3 mVrms 
MAX 


- 
ZOU1" 
1~ nMAX. 
DC 102kHz 


Rl "50 
Ohms 


R2" 250 Ohms 
01' 
IN4713 


0/' 
IN4001 


03' 
IN4933 


SCR1·MCR719·10 


Cl "0.510 
50 ~F 
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T1' 1.1 
T3" 
1:1 (10 trigger 
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T1 


1/0V]:)C 
Till 
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Reverse 
recovery 
time 
IS the 
period 
which 
elapSE's 
from 
the 


time 
that 
the 
current, 
thru 
a previously 
forward 
biased rectifier 


dIode. passesthru zero going negatively 
until the reverse current 
recovers to a point which 
is less than 10% peak reverse current. 


Reverse recovery 
time 
IS a direct 
function 
of the forward 


current prior to the application 
of reverse voltage. 


For any given rectifier. 
recovery 
time 
IS very circuit 
depend- 
ent. 
Typical 
and maximum 
recovery 
time of all Motorola 
fast 
recovery power rectIfiers are rated under a fixed set of conditIons 
uSing IF 
= 
1.0 A, 
VA 
= 30 
V. 
In order 
to cover all CirCUit 
conditions, 
curves are grven for typical recovered stored charge 
versus commutation 
dl/dt 
for various levels of forward current 
and 
for 
JunctIon 
temperatures 
of 
250C, 
750C, 
locPC, 
and 
1So"C. 


To 
use these curves, it IS necessary to know 
the forward 


current level just before commutation, 
the circuit commutation 
di/dt, 
and the CJperating junction 
temperature. 
The reverse re- 
covery 
test 
current 
waveform 
for all Motorola 
fast recovery 
rectifiers 
is shown. 


CURRENT 


VIEWING 
RESISTOR 


From 
stored charge curves versus di/dt, 
recovery 
time 
(trr) 


and 
peak reverse recovery 
current 
(I AM(AECI) 
can be closely 
approximated 
USing the following 
formulas: 


[ 
QR] 
1/2 


trr = 1.41 
x 
-.- 
do/d! 


@ MOTOROLA 


Designers Data Sheet 


STUD MOUNTED 
FAST RECOVERY POWER RECTIFIERS 


designed for 
special applications 
such as dc power supplies. 
inverters. 
converters, 
ultrasonic 
systems. 
choppers, 
low 
R F inter- 
ference. sonar power supplies and free wheeling diodes. A complete 
line of fast recovery rectifiers 
having typical recovery time of 150 


nanoseconds providing 
high efficiency 
at frequencies to 250 kHz. 


DesIgner's 
Data for "Worst 
Case" Conditions 


The 
Designers 
Data 
sheets 
permit 
the 
design 
of 
mOst 
CirCUits 
entirely 
from 
the 


InformatIon 
p,esented 
Llm:t 
curves 
rl;?presentlng 
boundaries 
on device character· 
iStlCs - 
are gIven 
to 
facilitate 
"worst 
case" 
desIgn 


Rating 
Symbol 
MA870 
MAS71 
MR872 
MR874 
MR876 
Urnt 


Peak 
Repet'llve 
Revery> 
Voltage 
VRRM 
VOlls 


WorkIng 
Peak Reverse VOltage 
VRWM 
50 
100 
200 
400 
600 


DC 
B1ocl<, '''9 
VOltagP 
VA 


Non·RC!DE!t'llve 
PeaK 
Reverse 
VOltage 
VRSM 
75 
15u 
25u 
450 
650 
Volts 


RMS 
Reverse 
VOltage 
VR(RMSI 
35 
70 
140 
280 
420 
Volts 


Average 
Heet, 
,ed 
orward 
Current 
10 
Amps 


ISongle 
phase 
reS'~(lve 
10ild. 
_--50 


T C " lO00CI 


Non·Hepetltlye 
eak Surge 
Current 
IFSM 
Amp~ 


lsurge 
appl,ed 
at rated 
load 
400 
. 


cond,tlonsl 


OperatIng 
JU"ct,O" 
Temperalure 
T J . 
-65 
to 
+ 160 
. 
°c 
Ra"gE! 


Slorage 
Temperature 
Ra"ge 
T stg 
4 
-65 
to d75 
. 
C 


Characte"stlc 
Symbol 
Moo 
Ty. 
M •• 
Unit 


InSianta"eous 
Forward 
VOltage 
vF 
- 
13 
16 
Volts 


IIF 
= 157 
Amp. 
T J '" 160°C) 


Forward 
Voltage 
VF 
11 
14 
VOlts 


IIF 
= 50 Amp. 
TC 
= 250Cl 


Reverse 
Current 
(rated 
de volta~J 
'H 
TC '" 2SoC 
- 
25 
50 
"A 
TC" 
1000e 
- 
10 
20 
mA 


CharacteristiC 
Symbol 
Mon 
Ty. 
M •• 
Unit 


Reverse 
Recovery 
T«ne 
'" 
"' 
UF" 
1 0 Amp 
to VR 
= 30 Vde, 
FIgure 
161 
- 
150 
200 


lIFM 
= 36 Amp. 
dl/dt 
•• 25 A/j,ls,Flgure 
17) 
- 
240 
400 


evene 
ecovery 
I...urrent 
IRM(RECl 
- 
20 
30 
Am. 


(IF" 
10 
Amp 
to VR 
•• 30 Vde, 
FIgure 
16) 


MR870 MR871 
MR872 MR874 
MR876 


FAST RECOVERY 
POWER RECTIFIERS 


50-600 VOLTS 
50 AMPERES 


)?): 1 
B-1 


- 
OI- 
I 
-1--- 


1 
. 
a 
L 
,r- 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
16.94 
11.45 
0.661 
0.687 


8 
16.94 
0.667 


C 
- 
11.43 
- 
0.450 


0 
- 
9.53 
0.375 


E 
1.91 
5.08 
0.115 
0.100 


F 
1.03 
0.080 


H 
1.51 
0.060 
- 


J 
10.71 
11.51 
0.411 
0.453 


K 
15.40 
1.000 


L 
3.86 
- 
0.152 


P 
5.59 
6.31 
0.110 
0.149 


0 
3.56 
4.45 
0.140 
0.175 


NOTES: 


1.0imenSlon 
"P" is diameter. 


2. All JEOEC 
dimensions 
and 
notes 
apply. 


CASE 
251-01 
00·5 


MECHANICAL 
CHARACTERISTICS 
Case: Welded, hermetically sealed 
FINISH: 
All external surfaces corrosion 
resistant and readily solderable 
POLARITY: 
Cathode to Case 
WEIGHT: 
17 Grams (Approcimately) 
MOUNTING 
TOROUE: 
25 in_ Ib max. 
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FIGURE 
6 - 
CURRENT 
DERATiNG 
FIGURE 
7 - CURRENT 
DERATiNG 
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R2,n 
lOW 


NON.INOUCTIVE 
C, 
1.0~F 


300 
V 


A - 
TEKTRONIX 
545A. 
K PLUG 
IN 


PRE·AMP. 
P6000 
PROBE 
OR EOUIVALENT 


R, 
- 
AOJUSTEO 
FOR 
1.4 nBETWEEN 


POINT 
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ANO 
RECTIFIER 
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~ 38 ~H 
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TEN·' w. 10 n. 1% CARBON 
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FOR RECTIFIER 


MINIMIZE 
ALL 
LEAO 
LENGTHS 


1.0 Ado 
FROM 
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VOLTAGE 
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3 mVrms 
MAX 


- 
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= 1;-' nMAX, DC 102kHz 


RI :: 50 Ohms 
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03·IN4933 


SCRI 
• MCR729·10 
Cl ;O.5to50pF 
C2 ~ 4000.uF 
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T1 "Vari~c Adjusts I(PK) and diJdl 
T2' L1 
T3:: 1:1 (to trigger CIrCUit) 


T1 


120V=OC 
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I 


2 


1 
60 Hz 


1.1 


Reverse recovery time 
IS the period which elapses from the 
time that the current, thru a previously forward 
biased rectifier 
diode, passesthru zero going negatively until the reverse current 
recovers to a point which 
1$ less than 10% peak reverse current. 


Reverse recovery time 
IS a direct 
function of the forward 
current prior to the application 
of reverse voltage. 


For any given rectifier, 
recovery time is very cirCUit 
depend- 


ent. 
Typical 
and maximum 
recovery time of all Motorola fast 
recovery power rectifiers are rated under a fixed set of conditions 
using IF = 
1.0 A, 
VR = 30 V. 
In order to cover all circuit 
conditions. 
curves are given for typical recovered stored charge 
versus commutation 
di/dt 
for various levels of forward current 
and for 
junction 
temperatures 
of 
2SoC, 7SoC, 
1000C, 
and 
lSo"C. 


To use these curves, it is necessary to know 
the forward 
current level just before commutation, 
the circuit commutation 
di/dt. 
and the operating junction 
temperature. 
The reverse re- 


covery 
test current 
waveform 
for 
all Motorola 
fast recovery 
rectifiers is shown. 


CURRENT 


VIEWING 


RESISTOR 


From stored charge curves versus di/dt, 
recovery time (trr) 
and peak reverse recovery current 
(I RMIREC)) 
can be closely 
approximated 
using the following 
formulas: 


[ 


Q j 1/2 
trr= 
1.41 x 
~ 
do/dt 


@ MOTOROLA 


. 
Designers 
Data Sheet 


SUBMINIATURE 
SIZE, AXIAL 
LEAD MOUNTED 
FAST RECOVERY 
POWER RECTIFIERS 


designed 
for 
special 
applications 
such 
as dc power 
supplies. 
inverters, 
converters, 
ultrasonic 
systems, 
choppers. 
low RF interfer· 


ence 
and 
free 
wheeling 
diodes. 
A complete 
line of fast 
recovery 


rectifiers 
having 
typical 
recovery 
time of 500 nanoseconds 
providing 


high efficiency 
at frequencies 
to 100kHz. 


MAXIMUM 
RATINGS 
MR 
MR 
MR 
MR 
MR 
MR 
MR 


R.ting 
Symbol 
910 
911 
912 
914 
916 
917 
918 
Units 


Peak Repetitive Reverse 
VRRM 
50 
100 
200 
400 
600 
800 
1000 
Volts 


'voltage 


Working 
Peak Reverse 
VRWM 
Voltage 


DC Blocking 
Voltage 
VR 


Non 
Repetitive 
Peak Reverse 
VASM 
'100 
200 
300 
525 
800 
1000 
1200 
Volts 


Voltage 


Av~ 
Rectified Forwerd Current 
'0 
3.0 
. 
Amp 


(Single ph •• 
resisti .•••load. 


TA-9OOCI 


Non-RepetitivePnk 
Sur. Current 
IFSM . 
100 
. 
Amp 


burgltllPP1iecl 
at r.ted 
lo.t 
lone cycl.' 
conditionsl 


Opwating 
Wld StOf"-veJunction 
TJ,Tug 
-65 to +175 
. 
°c 


Tempet'.tu 
•..•RMlge 


et-ec:twistic: 
Sym~ 
Min 
Ty. 
M•• 
Unit 


Inst.-.teneous 
Forw¥d 
Volt9 
'F 
- 
0.• 
1.1 
Volts 


(IF ••9.4 Amp, TJ" 
17SoCI 


FC)f'WWdVolt. 
VF 
- 
1.04 
1.25 
Volts 


(IF •• 3.0 Amp, TJ" 25DCI 


R..,... 
Current 
(tilted de volt.) 
TJ •• 2SDC 
'R 
- 
10 
"A 


TJ" 
tOOOC 
- 
- 
300 
"A 


CNnctwistic 
..,..•... 
Min 
Ty. 
.... 
Unit 


R..,... 
RecoYWy Ti •.•.•• 
'" 
n. 
ltF" 
1.0 Amp to VR" 
30 \Ide 
- 
750 


R~ 
Reco'IWy CUrf"ent 
IRMIRECI 
- 
- 
3.0 
Amp 
(IF -1.0Ampto 
VR - JQVdc 


MR 910 SERIES 


FAST RECOVERY 
POWER RECTIFIERS 


50·1000 VOLTS 
3 AMPERE 


liD01 
K 
rl 


LD 


Ml LLiMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
9.40 
9.65 
0.370 
0.380 


B 
4.83 
5.33 
0.190 
0.210 
0 
1.22 
1.32 
0.048 
0.052 


K 
26.97 
27.23 
1.062 
1.072 


MECHANICAL 
CHARACTERISTICS 


Case: 
Void 
Free. 
Transfer 
Molded 
Finish: 
External 
Leads 
are 
Plated. 


Leads are readily 
Solderable 


Polarity: 
Indicated 
by Cathode 
Band 


Weight: 
1.1 Grams (Approximately) 
Maximum 
Lead Temperature 
for 
Soldering 
Purposes: 


2400C, 
liS" from 
case for 10 s 


at 5,0 lb. tension 


T 
/ 
V 


TJ 
1 


.250C 
I 
/' 


I 


TYPICAL I 
MAXIMUM 
IT 
J 


I 
J 
II 1/ 


I 
I 
III 


I 


<L:E 
20 
~ 
•... 
~a 
10 


~ 
1.0 
§ 
_ 
5.0 
'"=>:i: 
~ 
3.0 
zi2.0 


.~ 


10 
~ 
~ 
~ 
~ 
8.0 
~ 
~ 
00; 
~•... 
00; 
"' 
•... 
~•... 


~'" 
"' 
•... 
6.0 
~~ 
~'" 
~~ 
~~ 
Oz 
"' •... 
~2 
",,,, 
"' •... 
4.0 
~!!O 
",,,, 
~~ 
~!!O 
w'" 
"'0 
>~ 


;; 
"'0 
~ 
;; 
2.0 


ir 
g 


2.0 
4.0 
5.0 
6.0 
7.0 
8.0 


'F(AV).AVERAGE 
FORWARD CURRENT (AMP) 


'" 
:E 
~100i~ 


w>~ 


VRRM MAY BE AWLlEO 
BETWEEN EACH CYCLE 
OF SURGE. TJ NOTED I 
TJ PRIOR TO SURGE 


~~ 


"" 


30 
~ 
~ 20 


15 
1.0 


4.0 
3.5 


3.0 


U 
2.5 
3> 
2.0 


.§ 
1.5 


~ 
1.0 


U 
0.5 


ffio 


0 


-0.5 


~ 
-1.0 


q:, 
-1.5 


-2.0 
-2.5 
-3.0 


0.2 


e- 
II 
f- 
l- 
f- 
f- 


r- 


r- 
f- 
TYPICAL RANGE 
./ 


r- 
V 
r- 
-~ 
f-•.. 
- 
.- - 


30 Vdc 
CONSTANT 
VOLTAGE 
SUPPLY 
+ 


30n 
SOW 
NON·INDUCTIVE 


UNIT 
UNDER 
TEST 


"2,n 
,ow 


NON.INOUCTIVE 
Ct 
.O~f 
300 V 


A - 
TEKTRONIX 
S4SA, 
K PLUG 
IN 
PRE-AMP, 
P6000 
PROBE 
OR EQUIVALENT 


Rl 
- ADJUSTED 
fOR 
l.HlBETWEEN 


POINT 
2 OF RELAY 
AND 
RECTIFIER 


INDUCTANCE 
•• 38,..H 


R2 - 
TEN·I 
W. 10 n 1% CARBON 
CORE 


IN PARAllel 


TA - 2S ~'goc 
FOR 
RECTIFIER 


1.0 Adc 
FROM 


CONSTANT 


VOLTAGE 
SUPPLY 


RIPPLE 
- 3 mVrm,MAX 


RI 
-SO 
Ohllll 
R2 -2SO 
Ohllll 
01 - lN4123 
D2-1N4001 
D3-lNU34 
SCRI 
- MCR729-10 
CI-0.5to50pF 
C2-4000", 
U-1.0-27 
pH 


T1 - V.iIc 
Adiusu l(pl()...cI 
dildl 
12 -1:1 
T3-1:IIIOlr.rcv",itl 


>-- f--iJ - 2SJC 
Vtr-U 
V 


./ 
// 


./ 


~ 
."W- 


I 
I 
I ~'I 1- 


.1 
0.2 
0.3 
0.5 
0.7 
1.0 
2.0 
3.0 
5.0 
7.0 
I 


~ 
~ 
0.3 
;:: 
~ 
> 
0.2 


~ 
'"~i 
0.1 
~ 


CURRENT 
VIEWING 
RESISTOR 


TT 
TJ-ZSOC 


.•....•.... 


•......•. 


~ 


...•...•.•.. 


'" 
•..•.. 


FIGURE 
10 - 
THERMAL 
RESPONSE 


1.0 
1/1111/11 
:i. 
0.5 
II1I 
I III 
I 
iL 
LEAD 
LENGTH' 
1/4" 
,/ 
wO 
xw 
0.3 
~N 
~:J 
0.2 
Z« 
~" 
~~ 
'" 
~~ 
0.1 


~w 
WU 
>z 
E~ 
0.05 
/ 
~~ 0.03 
::;'" 
0.02 
- 
0.01 
l 
351 
2351 
100 
'0' 


2351 
2] 
51 
2351 
102 
103 
104 


l, TIME tmsl 


To 
de,.,""n. 
m •• ,mum 
lun<:l,on 
~m~ 
•• tur. 
of 
the 
diode 


In 
a 9'''''' 
sltuat,on. 
the 
lollo.••• 
tn9 
procedure 
i5 recommended 


The 
~mp.'.tu,. 
of 
the 
l.ad 
should 
ba 
m..-su.ed 
ullng 
• 


thermocouple 
placed 
on 
the 
le.o 
as CIOM as poU'bla 
to 
U"e t •• 
PO''''' 
The 
no ••.mal 
mass 
con""-':ted 
to 
the t,. poInt" 
normally 
'.'9" 
enough 
so 
tha' 
., 
wilt 
not 
s.gn"'cantly 
respond 
to 
h •• ' 


su'ge, 
••••• ,.ted 
m the dIode 
as • ,~ll 
01 pulsed 
operation 
O~ 
needy·nat. 
CQndn,ons 
.ra 
e<:h.aV*j 
U""'il 
the 
m_ured 
"al •.•• 
of T L. 
t~ 
IU"ChOn tern~.tu,. 
<nay 0. 
date.mu'led 
by 


TJ'"TL+t>TJL 


wher. 
~ 
T JL 
IS the 
,ncr.ase 
In lunct,o 
•.• temperatura 
~o~ 
the 
l.-d 
tetnpe,atu' 
•. 
11 may 
be det •• m •...cj by 


Use 
of 
the 
eboV8 
modal 
perm," 
lunCtoon 
to 
l-.d 
It. ••. ma' 


l"e$'u ••.•c. 
'or 
_'I' 
mou •.•, ••.•g CO"'''gu 
•• ''O''' 
'0 
b-. 
lound 
Fo •• 
go•••••.•10,.1 
"-.cI 
I••.•gth. 
lowesl 
"'elulI$ 
o<:cu • ..,h ••.• 0 •.•• s.de 
01 the 


.-.cutl.r 
IS b.o •.• ht 
.s 
do_ 
es poss,bl. 
10 ,h. 
h.e' 
si •.•lt. 
T.rms 
••.• 


th. mod.l 
"g •.••fy. 


T A '" Amb •••.•' Ternpefe'u,. 
R6S· 
Th •• m.t 
R."iU 
••.•c.. 
Hee, 
S ••.•••.'0 
Amb •••.•t 
TL 
• L.-.cI 
Tempere'ur. 
R6L 
'" Th.rm.1 
R •• ist ••.•c•. 
L.-.cI 
to Hee, 
Sin'" 


TC '" C •• 
T.mper.'ur. 
RSJ'" 
Th.rm.1 
R ••• st ••.•c.. 
June 


,iO'" 
to C ••• 
T .I • JU"'CIIO'" 
T.mp 
••• 
tu.. 
Po 
'" Tot.1 
POW'" 
O.",p.uo 
•.•• 


PF 
• PA 
PF 
'" For..,erd 
Pow •• 
OiSS'p.,.o 
•.• 
P R '" R •••••.• 
Po_r 
O;ss'~"On 


ISubscrlp" 
A end 
K •• f•• '0 ••.•od. 
end 
ce'hocl. 
S'eMs '~"""'y 
I 
II.lues 
'or 
th •• m.t 
rW1I,.nc. 
compon 
••.•" 
••.• 


RSL 
'" 460ClWf1N. 
Typocelly.nd 
qOC/W/IN 
M •• ,mum 
AtJ 
'" 100CfW 
TYP'c"ly 
••.•d 
160Crw 
Me.,mum 


The 
me •• mum 
le-.cl ~pef.'u.e 
mey 
b-. fOUnd 
es fOUOW1o 


.:l.TJL c_ 
be 
.pp,o.,me~ 
•• 
foUo""" 


.:l.TJL 
=::: 
A(t.JL 
• PO' 
Po 
" 
the 
sum 
of 
f_e.d 
end 
•• ..-rMI 
power 
d,ssipe,.on 
sho.., •.• in Figur. 


:2 .nd 
• 
for 
1Ii•.•• .., ••••• opet"elio 
•.•• nd 
Figu'''' 
3 
end 
5 for 
'Qu." 
w ••••• operetton. 


31B 
1/2 
5/8 
3/4 


L. LEAD 
LENGTH 
(INCHES) 


-. 
••• 
111~ •••••••••••MOlI.-I ••• of.._ 
_ 
,.-.s...- .' 
1_." 
••••• 
"•••••29.•• 


'l'1' 
'01 ~ •••••••••hMOll.-l ••• Of••._ •••••,."_ ••••,~S 
••...,..1 
•••.•••• 
,. 
'1" 


-FLIT 


PPk 
Ppk 


torq --j 
TIME 


DUTY CYCLE" 
Ip/If 
PEAK POWER, Ppk, is peak of an 
equivalent 
squar. 
power 
pulse. 


Oe'e 
show 
•.• for 
,hermel 
.eslStence 
ju •.•ttio 
•.•·'o·.mb.ent 
(R8JA' 


for 
,h. 
moun'tngs 
show •.•IS '0 
b-. u~ 
.11 typice' 
guid.h 
•.•• ",.Iues 
for 
p.ellm,n 
•• y eng ••.•_ •• ng o •• ", c_ 
,h. 
ti. 
point 
tempefetu 
•• 


c••••.•ot be m.e •••.•-.cI . 


MOUNTING 
LEAD LENGTH, LON) 
METHOD 
1/8 
I 
1/4 
I 
112 
3/' 
AoJA 
, 
'" 
I 
" 
I 
" 
.. 
°c,w 
I 
3 
28 
C/W 


tl-j 
r-l=:j 


1!l/~ffI 


MOUNTING 
METHOD 2 
V~ 
PinMounn,. 


@ MOTOROLA 
MR 1120, 
M SERIES 


MEDIUM-CURRENT 
SILICON 
RECTIFIERS 


Medium-current 
silicon 
rectifIers 
feature 
high 
surge 
current 


capacity, 
and 
low forward 
voltage 
drop 


-- ~ 


Rating 
Symbol 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 
MR 


1120 
1121 
1122 
1123 
1124 
1125 
1126 
1128 
1130 
Unit 


- 
.- 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 


WorkIng 
Peak 
Reverse 
Voltage 
VRWM 
50 
100 
200 
300 
400 
500 
600 
800 
1000 
Volts 


DC Blocking Voltage 
VR 


Non-Repetitive 
Peak 
Reverse 
Voltage 
VRSM 
100 
200 
300 
400 
500 
600 
720 
100 
1200 
Volts 


(one half·wave. 
single phase. 


60 cycle peakl 
f--- 
--- 


RMS 
Reverse 
Voltage 
VRIRMSI 
35 
70 
140 
210 
280 
350 
420 
560 
700 
Volts 


Average 
Rectified 
Forward 
Current 
10 
(single 
phase. 
resistive 
load. 60 Hz. 
. 
12 
.. 
Amp 


TC = 150'CI 
-- 


Peak 
Repetitive 
Forward 
Current 
IFRM . 
75 
.. 
Amp 


ITC = 150'CI 


Non-Repetltlve 
Peak 
Surge 
Current 
IFSM 


(superimposed 
on 
rated 
current 
at 
. 
300110r 
1 
2 cycle) 
.. 
Amp 


raled 
voltage 
T C = , 50 
C) 


12, Rating 
~non-repetltlve. 
121 
- 


, ms <I 
<"83 
ms) 
- 
375 
- 
A(rms)2s 


--- 


MaXimum 
Junction 
Operating 
and 
TJ Tsig . 
-6510 
-190 
- 


'c 


Storage 
Temperature 
Range 
- 


Characteristic 
Symbol 
Max 
Unit 


Full Cycle Average 
Forward 
Voltage 
Drop 
VF(AV) 
Volts 


(10 
= 
12 
Amps 
and 
Rated 
Vr 
055 
TC = 150=C, 
Half Wave 
RectifIer) 


DC 
Forward 
Voltage 
Drop 
-- 


VF 
10 
Volts 


(IF = 12 Adc. TC = 25'CI 
-- 


Full 
Cycle 
Average 
Reverse 
Current 
IRIAVI 
mA 


(10 = '2 
Amps 
and Rated Vr. 
1 5 
TC = 150:'C. 
Half Wave 
Rectifier) 


DC 
Reverse 
Current 
IR 
mA 
IRated VR. TC = 25'CI 
05 


MR 1120,MSERIES 
THERMAL 
CHARACTERISTICS 


Maximum 
Steady 
Stat~ 
DC Thermal 
Resistance,ReJC: 
2. 5°C/Watt 


MECHANICAL 
CHARACTERISTICS 


CASE:Welded, 
hermetically 
sealed 
construction. 


FINISH: 
All external 
surfaces 
corrosion-resistant 
and the terminal 
lug is readily 
solderable. 


POLARITY: 
CATHODE-TO-CASE 
(reverse 
polarity 
units 
are available 
upon 
request 
and are designated 
by an "R" 
suffix 
i. e. MR 1120R). 
MOUNTING 
POSITIONS: 
Any 
STUD 
TORQUE: 
15 in-Ibs maximum. 


METRIC 
THREAD 
upon 
request 
i. e. MR I 120M 


TYPICAL 
FORWARD 
CHARACTERISTICS 


2.4 


2.0 


~~ 
1.6 


~ 
'"~ 
1.2 
~~ 
=>I 


08 


~ 


04 


1/ 
II 
II 
j 


~ 


v 
/ 


TJ 
2\"C 
-- ---- 


.... 
-- 
....... 
v 
-~- 
--- 
- 
- 


I-- 
"TJ 
150C 
- 


'J 


TJ 
150 C TO 190'C 
/ / 
/ 


I 
6 PHASE STAR / II 
/ 


3 PHASE (HALf WAVE OR 
't 'I / 
- 
fULL WAVEI 
f.. !; 
6 PHASE WITH INTERPHASE 
/ 
I 
I 
I 
I 
/iJ 
/ 
- 
I PHASE (HALf WAVE 
OR fULL 
WAVEI 
~ '/ / '- 
oc 
/,~ i/ 
/'1/ 
II/ 
~ '/ 
JV 
~ V 
l) 


300 


250 


;;:; 
~ 
z 
200 
~~ 
=> 
u 
>~ 
z 
150 
v; 
~ 
~ 
~ 


100 


50 


\ 
II IIII 
,\ 
SURGE APPLIED AT 
1'\ 
RATED LOAO CONOITIONS 


1\ 


VRJowl (,"pI 
APPLIED AFTER 


SURGE 
'" 
150 C 


1\ 
'\ 


" 
'" 


10 


0: 
::E 
16 
'"z~~~ 
11 
ua~i 
8.01I 
~ 


4.0 


50 
n 
~S 
40 
-~ 
~~ 
35 


z u 
~ z 
30 
~~ 
~~ 
15 
~;;i 
10 
-::E 
~5 
t5~ 
15 
~~ 10 
uu 
•.~e 
0.6 


0: 
14 
~ 
z 
11 
~~ 
'" 
10 
ua~~ 
8.0. 
~ 
~ 
6.0 
~I 


4.0 


2.0 
~ 
::E 
0 
~ 
::E 
0 
~ 
-" 


150 
160 


Te. MAXIMUM 
CASE 
TEMPERATURE 
lOCI 


I 
I 
II 


TJ 
Te 
HJCI') 
P"VE 
- 
61' 
~ 


I 
--r 
I 
- 
- 


19 - 3¢ 
~ 
--...-t"" 
-- 
- 


DC 


--- 


CONDITIONS 


3.\ J lI. 11,;COppu hue 
\mk 
(In, 0: 09 .nJ 
mounled 
p.Haflelto 


." 
"010. 
180 
conduction 


PMASE DATA: 
For 3 pha~ 
rallnGlo muiliply 


currenl scak 
'>1I0 90 


For 6ph.JIst ra(lng~ mulllply 
currenlsuleby06J 


@ MOTOROLA 


Designers Data Sheet 


MUlTI·CEll 
POWER RECTIFIERS 


... 
designed for applications requiring low power dissipation and 


high inrush surge current. 


A heavy copper base/heat sink provides low thermal resistance 


and lowest operating junction temperatures. 


Designers 
Oat8 for "Worst 
Case" 
Conditions 


The Designers 
Data Sheets permit 
the design of most circuits 
entIrely 
from 
the 
tnformatlon 
presented. 
Limit 
curves 
- 
representing 
boundaries 
on 
device characteristics 
- 
are given to facilitate 
"worst 
case" 
design. 
-- 


MR1215SL 
MR1219SL 
Rating 
Symbol 
MR1815SL 
MR1819SL 
Unit 


Peak RepetitIve 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
300 
600 
Volts 
DC Blocking 
Voltage 
VR 


fo.Jonrepetlllve Peak Reverse 
Voltage (one half+wave, 
VRSM 
400 
720 
Volts 
single 
phase. 60 Hz peak) 


RMS Reverse Voltage 
VRIRMS) 
210 
420 
Volts 


Average 
Rectified 
Forward 
Current 
(Single phase, 
10 
Amp 
resistive 
load. 60 Hz, 
see Figure 3) 
TC = 135°C 
.. 
100 
.. 


TC = 150°C 
. 
80 
. 


Nonrepetitlve 
Peak Surge 
__ 
2.000 
Ifor 
1/2 
cyclel ___ 


Currents 
(super applied at 
IFSM 
Amp 
rated load condillons, 
~ 1,200(for 
SIX consecutIve 
•. 


see Figure 5) 
TC= 150°C 
cycles) 


12t Ratmg (nonrepetltlve, 
for t 
greater 
than 1ms and less 
12t 
8.300 
. 
A2s 


than 8 3 ms) 


Operallng 
and Storage 
Junction 
Temperature 
Range (see 
TJ. Tstg 
~-65 
to +190---... 
°C 
Figure 4 for other conditions) 


Characteristic 
Symbol 
Max 
Unit 


Full Cycle Average 
Forward 
Voltage 
Drop 
VFIAV) 
0.4 
Volts 


(rated 10 and Vr• smgle phase 
60 Hz. TC = 1500CI 
._- 
--- 


Full Cycle Averag~ 
Reverse Current 
IRIAV) 
15 
mA 
(rated 10 and Vr. Single phase 
60 Hz. TC = 150°C) 


Characteristic 


Thermal 
ResIstance. 
Junction 
to Case 


MECHANICAL 
CHARACTERISTIC 


CASE: 
Molded. 
hermeticallv 
sealed construction 


POLARITY: 
Cathode to Case (reverse polarity devices are Anode to Case and are designated 


by an "R" 
suffix 
i.a. MR1215SLR). 


MOUNTING 
POSITION: 
Any. 


STUD 
MOUNTING 
TORQUES: 
25 in-Ib 
min .• 30 in-Ib 
max. 


MR121SSL 
MR1219SL 
MR181SSL 
MR1819SL 


HIGH-CURRENT 
SILICON 
RECTIFIERS 


80/100 
AMPERE 
300.600 
VOLTS 
DIFFUSED JUNCTIONS 


/3'--~ 
" 
" 
I 
'---L 
1 


01 
0 
-.-- 
--;;---r- 


c 
c I 


MR1215SL 
and 
MR1219SL 


MR1815SL 


and 
MR1819SL 


MILLIMETERS 
INCHES 
01. ." 
.Ak ." 
.Ak 
· 


1l.O2 
36.13 
IlOO 
1.450 


• 
JI.37 '" 


1 
C 
13.72 
n.!1 
D 
12.70 
13.34 
DSOO 


E 
2.92 '" 


0.115 
1 


F 
2.67 
3.U 
0105 
, 


G 
29.21 
34.29 
UMI '" 
H 
12.10 
16.16 
D. 


J 
15.06 
16.6' 
D.59 
• 
3UJ 
4US 
1.75 
I.., 


Q 
OlD 
G." 
0.240 ... 


R 
- 
.• 
- 


NOTES 
1. TERM.l 
CRIMPED lUG 
2. ANGULAR 
ORIENTATION 
OF lUG 
UNDEFINED 
3. DIM 
"H"lUG 
FLAT 
ZONE. 


FIGURE 
1 - 
MAXIMUM 
FORWARD 
VOLTAGE 
DROP 
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~- 
~ 


/ 
I 


T,=150oC 
I I 
7 
TJ;::; 
25 'C 


, 
77 


I 


10 


8.0 
6.0 


4.0 
o 
02 
0.4 
0.6 
08 
1.0 
1 2 
1.4 
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J 8 
20 


v •. 
INSTANTANEOUS 
fORWARD 
VOLTAGE 
(VOLTSI 


160 
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0: 
140 
~~ 


'" 


120 


~~ 
100 
~I 


91 


80 
c~ 


~ 


64 
60 
~..•~ 
:< 
40 
j 
20 


0 
0 


3 PHASE 


(HALF 
WAVE 
OR 
FULL 
WAVE) 


6 PHASE 
WITH 
INTERPHASE 


140 


120 


~ 
z 
0 
100 
~~ 
c;~ 
80 


~~ 
~ 
60 
e 
c: 
40 


111111 
~ - 
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1 
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T~ :RHJCIIIP 
..•.., 
-- 
I¢ 
&130 


V 


.•... 
--r 
v 
...-- 
-- 
-:- 
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.•.•. 
V -- 


I 
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.•.•. 
V 


~ 
r-- 


2000 
,. 
~I 


1500 


>.. 
;t 
z 
1000 
;;;.. 
x~..~ 


500 
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~ 
I 
I 
I L 


SURGE APPLIED AT 
RATED lOAD CONDITIONS 
- 
••.....•.•.. 


V•••• 
APPLIED AFTER SURGE 


"""'- 


Tc::: 
150°C 
- 


.•...••... 


..••.. 


.••.. .••.. 


I'--...... 


.....•.. ••............ 


-..ro-I-- 


20 


FREQUENCY 
AT 60 IHzl 


100 
a:- 
~~ 
;:: 
80 


~~~ 
60i 
40 
"~ 
~e 
20 
w 
'"..~ 
~ 
J 


5 x 5 x J/. copper 
heat 
sink 
fm 
f ;::: 0.9 and 
mounted 
parallel 
to airflow, 
ISO- conduction. 


For 3 phase ratings multiply 
current scale by 0.90. 


For 6 phase 
ratings 
multiply 
current 
scale 
by 0.63. 


@ MOTOROLA 


Silicon 
power 
rectifiers 
designed 
with 
double-case. 
multi-cell 


construction 
for 
extreme 
reliability 
and 
ruggedness. 
Available 
in 


two 
packages 
which 
have 
the 
same 
ratings 
and 
characteristics. 


Desired 
package 
can 
be 
selected 
by 
adding 
suffix 
"SL" 
or 
"FL" 


to type 
number. 


Rating 
Symbol 
MR1245 
MR1249 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
Working 
Peak Reverse 
Voltage 
VRWM 
300 
600 
Volts 


DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak Reverse 
Voltage 
(one half-wave, 
VRSM 
400 
720 
Volts 
single 
phase. 60 cycle peak) 


RMS 
Reverse 
Voltage 
VRIRMS) 
210 
420 
Volts 


Average 
Rectified 
Forward 
Current 
(single 
phase. 
10 
400 
Amp 
resistive 
load, 60 Hz, 
TC= 150·C) 


Non·Repetitive 
Peak Surge 
8.000 
(for 1/2 
cycle) 
Current (superimposed 
on 
IFSM 
Amp 
rated current 
at fated 
4,500 
(for 
six consecutive 
voltage, 
TC = 150·C) 
1/2 
cycles) 


11t Rating (non-repetitive. 
for t 
greater than 1 0 ms and less 
12t 
133.000 
A2s 


than 8.3 ms) 


Operating 
and Storage Junction 
Temperature 
Range 
TJ. Tstg 
-65 to +190 
·C 


Characteristic 


Thermal 
Resistance. 
Junction 
to Case 


Characteristics 
and Conditions 
Symbol 
Max 
Unit 


Full Cycle Average 
Forward 
Voltage 
Drop 
VFIAV) 
0.4 
Volts 
(rated '0 and VR(RMS). 
single 
phase 
60 Hz. TC = 150·C) 


Full Cycle 
Average 
Reverse 
Current 
IR(AV) 
50 
mA 
(rated 
10 and VR(RMS). 
single 
phase 
60 Hz. TC = 150·C) 


MR1245FL 
MR1249FL 
MR1245SL 
MR1249SL 


SILICON 
POWER RECTIFIERS 


~o- 
'-R 
,O~I'--I 
;- 
--.iE 
K 


.• 
_- 
-T-t- 


--=- 
J 


3/4 
16 UNF2A 
- 
_. 
' 


a·------- 
,--::::;-' 


L' 
- 
Hr- 
G 


r 
-~ 
~ 
----J 
A 


F 
G 


. 
---"'._---' 


T 


MTlllM£TlflS 
DIM 
MIN 
MAX 


A 
6519 
6629 


8 
51.02518 


r 
_ 
'2194 
~-+2~:~.2~:: 
F 
61 
18 


J 
K 
- 
68sj 


Q 
,.-or:-fB 


A 
5-.-! 


INCHES 


MIN 
MAX 


2590 
2610 
2245 
255 


1.100 


1!990'1100 
0370 
0380 


0311 
1l.322 


11110 
2110 
055 
0512 


200 


HOlE 
I. HOlESI''T"1WITHINO.2Smm{OOI0l 
OIA OF TRUE POSITION WITH RESPECT 
TO EACH OTHER AT MAXIMUM MATERIAL 
CONDITION 


FORWARD 
VOLTAGE 
CHARACTERISTICS 


10,000 
8000 
6000 


4000 
1'/ 
/, 
'1 
I; 


I 


T,;:: 1500cl 
TJ = 25°C 


.~ 
10 
8 
6 


1 
o 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 


WO, 
INSTANTANEOUS fORWARD VOlTAGE (VOLTS) 


fa 
ffi 
~ 
8000 
:!. 
•... 
~ 
7000 
.... 
:>u...i 
••• 5000 
z 
••...-'~ 
~... 
Q...:g... 
:::E~...... 
:> 
VI 


MAXIMUM 
FORWARD 
CURRENT 
versus 
MAXIMUM 
CASE 
TEMPERATURE 


700 


o 


1.0 
2.0 
4.0 
6.0 
8.0 
10 
20 


CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM 
SINGLE-PHASE 
CURRENT 
RATING 


"'-.. 


...•.•.•"- 


""- 


....... 


•.... 


t'-~ 
-- ""'""- 
r-- 


400 


~ 
350 
•.. 
~ 
300 


~ 
250 
a 
:i1 
200 
'"~~ 
150 


""'"~ 
100 


::cj 


50 


60 
80 
100 
120 
140 


TA• 
AM81ENT TEMPERATURE (OCI 


CONDITIONS 
8 x 8 x 'A copper heat sink 
finE 2: 0.9 and mounted parallel 
to airflow. 180° conduction. 


For 3 phase Fatings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 
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designed 
for 
applications 
requiring 
low 
power 
dissipation 
and 
high inrush surge current. 


A heavy 
copper 
base/heat 
sink 
provides 
low 
thermal 
resistance 


and lowest operating junction temperatures. 


Rating 
Symbol 
MR1265 
MR1269 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
Working 
Peak Reverse Voltage 
VRWM 
300 
600 
Volts 


DC Blocking 
Voltage 
VR 


Nonrepetitive 
Peak Reverse 
Voltage (one half-wave. 
VRSM 
400 
720 
Volts 
single phase. 60 cycle peak) 


RMS Reverse Voltage 
VRIRMSI 
210 
420 
Volts 


Average 
Rectified 
Forward 
Current (single phase. 
10 
.. 
650 
.. 
Amp 
reSistive 
load, 60 Hz, 


TC = 150°CI 


Nonrepetit 
ve Peak Surge 
__ 
12.000 (for 
1 
2 cvcle)~ 


Currents 
(superimposed 
on 
IFSM 
Amp 
rated current 
at rated 
8.000 (for 
SIX consecutive 


voltage. 
TC = 150°CI 
~ 
, /2 cycles) - 
121Rating (nonrepetitive. 
for t 
greater 
than 
1 ms and less 
12t 
r--- 300.000- 
A2s 
than 8.3 ms) 


Operating and Storage Junction 
Temperature 
Range 
TJ. Tstg 
r----- 
-65 
to +190- 
°c 


Characteristic 


Thermal 
Resistance, 
Junction 
to Case 


Characteristic 
Symbol 
Max 
Unit 


Full Cycle Average 
Forward 
Voltape 
Drop 
VF(AV) 
0.4 
Volts 


(rated 
'0 
and VR(RMS). 
single 
phase 
60 Hz. TC = 1500CI 


Full Cycle Average 
Reverse Current 
'R(AVI 
100 
mA 


(rated 
'0 and VRIRMSI. 
single 
phase 


60 Hz. TC = 150°Cj 


MECHANICAL 
CHARACTERISTIC 
PACKAGE 
CON 
FIGURATION: 
MR 1265FL/1269FL 
rectifiers 
are designed 
for 
flat 
mounting 
and have a solid lug termmal. 


All 
units 
have a plated 
copper 
base and terminal. 
Molded 
extemal 
case with 
internal 
hermetically 
sealed. metallic 
case rectifier 
cells. 


POLARITY: 
Standard 
polarity 
devices 
are CATHODE-TO-CASE. 


Reverse 
pola:-ity devices 
are ANODE-TO-CASE 
and are designated 
by an "ROo 
suffix 
i.e. 


MR1265FLR. 


MOUNTING 
POSITION: 
Any. 


MOUNTING 
BOLT 
TORQUES: 
Flat Mounted 
"FL" 
rectifiers 
use 1/4 
in. boilS torqued 
to 
60 in-Ibs 
min., 80 in-Ibs 
max. Use an alternating 
procedure 
when 
torquing 
the four bolts 
and do not tiQhten one bolt completely 
without 
tightening 
the other. 


MR1265FL 
MR1269FL 


HIGH-CURRENT 
SILICON 
RECTIFIERS 


650 AMPERE 
300.600 
VOLTS 
DIFFUSED JUNCTIONS 


.-B-; 


i~~'~Da 


R 
I 
• 
--I 


I 
jE C 


~SEATINGPlANE 
' T-J 


NOTE· 


1.HOLESI"T"I WITHIN 0.15 mm (0.0101 


DIAMETEROf TRUEPOSITIONWITH 
RESPECTTO EACHOTHERAT 
MAXIMUM MATERIAL CONDITION. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
81.18 
83.81 
3.100 
3.300 
8 
73.18 
1.885 


- 
25.40 
- 
1.000 
0 
51.50 
31.00 
1.140 
1.160 
~ 
6.10 
6.60 
0.140 
0.160 
f 
11.57 
11.83 
0.495 
0.505 
G 
3•. 918SC 
1 758 C 
J 
9.51 
11.94 
0.375 
0.470 
Q 
14.15 I 14.40 
0.557 
0.567 
R 
- 
63.50 
- 
2.500 
T 
7.01 I 
7.16 
0.176 
0.286 


~ 


:::::: 


I 
I 
I 


T,=1500,/ 
I/TJ=250C 


I 
I 


10,000 
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.000 
i '000 
""I 
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~! 
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80 
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.0 


20 
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i 
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! 
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I 
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TOO 
I 


600 
••• 


~ 
'00 
~ 
300 
J 
'00 


100 


(60 
HL. 
RESISTIVE OR INDUCTiVE 
lOAD) 


'" 
~ 
'" 


I. 
" 
.•... 
'" 


3. 
..•..• 
.......... " 
-4, 


.......... 


."'- , 
" 
,,,,",""', 
-I. 
..•..• ~":\ 
'" ~ 
~ 


10 


o 
0.2 
0 .• 
0.6 
0.8 
1.0 
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1." 
1.6 
1.1 
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W, ,IHSTAHTAlUOUS 
rORWARD 
VOLTAGE 
(VOlTS) 


12,000 
•... 
~B 
10,000 
i 
~ 
8000 
in...~- 
~ 
~ 
6000 
"' ... 
~i 


~ 
- 
4000 
~ 
::E 
;;;; 
~ 
2000 
;;: 


~ 
....... 


..••.. •....••... 


•....•.•.. 


I'-.... 


r-. 


~I'........... 


............. 


•...•.•........ 


""'- 
-I- -~ 


~.~ 
8.0 
10 


CYCLES AT 60 Hz 


lOx 
lOxiA 
copper heat sink. 


fin (~0.9 
and mounted 
parallel 


to air flow, 1800 conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase 
ratings 
multiply 


current 
scale 
by 0.60. 


60 
80 
100 
120 
140 


T., 
AMBIENT TEMPERATURE 
lOti 
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compact, 
highly 
efficient 
silicon 
rectifiers 
for 
medium-current 


applications 
requiring: 


• 
High 
Current 
Surge 
- 
400 
Amperes 
@ 


TJ 
= 175°C 


• 
Peak 
Performance 
@ Elevated 
Temperature 
- 
20 
Amperes 
@ 


TC 
= 150°C 


• 
Low 
Cost 


• 
Compact, 
Molded 
Package 
- 
For 
Optimum 
Efficiency 
in a Small 


Case Configuration. 


MAXIMUM 
RATINGS 


MR 
MR 
MR 
MR 
MR 
MR 
MR 
Ch8racteristic 
Symbol 
OOOS20015 200~ 
2004 
20065 
008S 2O'OS 
Unit 


Peak Repel}tlve Reverse Voltage 
VRAM 
Volts 


Workmg 
Peak Reverse 
Voltage 
VRWM 
50 
'00 
200 
400 
600 
800 
1000 


DC 
Blocking 
Voltage 
VR 


Non-RepetItIve 
Peak Reverse 
VRSM 
60 
'20 
240 
480 
720 
960 
'200 
Volts 


Voltage 
(halfw8\1e. 
single 
phase. 


60 Hz peak) 


RM$ Forward 
Current 
'IRMS) 
40 
. Amp 


Average R~ctjfied 
Forward 
Current 
'0 
20 
. Amp 


(Single 
phase. reSIstive load. 
60 Hz. TC: 
'5o"C) 


Non-Repetitive 
Peak Surge Cur- 
'FSM 
400 
(for 
1 cycle) 
. Amp 
rent (surge applied 
@ rated load 


conditiOns. 
half 
wave, 
single 
phase. 60 Hz) 


OperatIng 
and Storage 
Junction 
TJ,Tug 
-65to+175 
. °c 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Characteristic 
Symbol 
I 
Max 
I Un" 


Thermal 
Resistance, 
Junction 
to Case 
ReJC 
' .3 
IOC/W 


ELECTRICAL 
CHARACTERISTICS 


Chlracteristic 
end 
Conditions 
Symbol 
Max 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
VF 
, 1 
Volts 
(;F : 63 Amp. 
TC = 25°C) 


Maximum 
Reverse 
Current 
(rated 
de voltage) 
TC 
z 250C 
IR 
lOa 
~A 


TC'100oc 
500 


CASE: 
Vo.d 
Free, Transfer 
Meldad 


FINISH: 
All 
EXlernal 
Surfaces 
are Corro"on·~eslstanl 
and lhe 
Terminal 
Lead 
is Readily 
Solderable 
POLARITY: 
Cethoda 
to 
Case (Ravarse 
PolaritY 
Units 
ara Availabla 
and 
Deslgnatad 
by 
an 


"R" 
Sulll" 
I •. , MR2000SRI 
MOUNTING 
POSITIONS: 
Any 


STUD TORQUE: 
15 In. Ib,. MUlmUm 


MAXIMUMTER..,INAl 
TEMPERATURE 
FOR SOLDERING 
PURPOSES' 
275°C 
to' 
10 


Second, 
~ 
3 
Kg 
Tanslon, 


MR2000S 
Series 


MEDIUM-CURRENT 


SILICON RECTIFIERS 


50-1000 
VOLTS 


20 
AMPERES 


DIFFUSED 
JUNCTION 


MilLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
1111 
1170 
0477 
0.500 


8 
10.77 
11 10 
0.414 
0.431 


C 
- 
10.19 
- 
0405 


D 
6.35 
- 
0.150 


E 
1.91 
4.45 
0.075 
0.175 


f 
1.19 
1.35 
0.041 
0.053 


J 
'0.11 
11.51 
0.411 
0.453 


K 
- 
10.31 
- 
0.800 


Q 
1.51 
0.060 
- 


CASE 
283-01 
DO-203AA 


00-4 


~Tp250C 
./ 
-..- 
/' 
.-- 


7 
[7 
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I-- 
-TYPICAL 
1/ ./ 
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'f. 
INSTANTANEOUS fORWARO VOL TAGE (VOL TSI 


FIGURE 4 - CURRENT 
DERATING 
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TC. CASE TEMPERATURE (OC) 
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TYPICAL RANGE, 
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ROJClt) 
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(NOTE 
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I, TIME 
(ms) 
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TJ = 25°C 
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--ALL 
DEVICES I I 
20L I". 
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- 
-All 
DEVICES EXCEPT MR 


T 


I 
I 
f 


RS1 


Pk 
Ppk 


I 
DUTY 
CYCLE 
0 
tpll 


P 
PEAK 
POWER. 
Ppk 
IS peak 
01 an 


TIME 
equ,~alerl11Clua'epower 
pul~ 
1--,,----1 


To 
dele,m,ne 
ma.rmum 
IUnclion 
tempera 
lure 
ot 
the 
dlode.n 
a gl~el\ 
Situalron, 
the 
!ollowlng 


procedure 
IS recommended 


The 
lemperalo" 
01 Ihe 
,ase 
should 
be mus"red 
oW'Ig a ttlermOCQuple 
plaud 
0<1 the 
caw 
al 


IhelemperalurerelelencepQIlll(setlheOull",edraVolngQnpilge 
\1 
Theltlf,malmiluconnected 


to 
lhe 
ldse 
11 I\ormdlly 
large 
el\QlI!Jh 
10 
lhatl! 
wrll 
not 
srgr,l,cantly 
(espond 
to 
hUl111rge1 


generated 
HI Ihe 
drodeaSlrnullolpulwdoperallononcesle.dy11aleCondltlonsareachlt'lp.d 


Usrng 
Ihe 
measured 
~alue 
01 T C 
the 
junwon 
lemperalufe 
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be delermlned 
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TJoTC' 
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T JC 
IS Ihe 
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11InCIIOfl 
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FIGURE 
10 - 
RECTIFICATION 
WAVEFORM 
EFFICIENCY 
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CUR RENT 
INPUT 
WAVEfORM 
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JV'v- 
\ 
JlJ1---- 


I 
I 


I 
I 


V20ldcl 


Pdc 
~ 


0= 
P,m, = V20lrm,I 


RL 


For 
a sine 
wave 
input 
Vm 
sin 
(wt) 
to the diode. 
assume 
the maximum theoretical efficiency factor becomes: 


V2m 


n2RL 
4 


O(sinel:O 
V2m 


- 100% =-;2 • 100% '" 40.6% 


4RL 


For 
a square 
wave 
input 
01 amplitude 
Vm. 
the 
efficiency 
factor 
becomes· 


V2m 


2RL 
.100%= 
50% 
O(square) 
= 
v2m 


As the frequency 
of 
the 
Input 
signal 
is increased. the reverse 


recovery 
tIme 
of 
the diode (Figure 9) becomes significant. 
result- 


ing 
in 
an 
Increasing 
ae 
voltage 
component 
across 
R L which 
is 


opposite 
in 
polarity 
to 
the 
forward 
current, 
thereby 
reducing 
the 


value of the efficiency 
factor 
G, as shown on FIgure 
10 


It 
should 
be emphaSized 
that 
Figure 
10 
shows 
waveform 
efficiency 
only; 
It 
does not 
provide 
a measure of 
diode 
losses. 


Data was obtained 
by measunng the ac component 
of Va WIth a 
true rms ac voltmeter 
and the dc component 
With a dc voltmeter. 


The data was used In Equation 
1 to obtain 
pOints for 
Figure 10. 


@ MOTOROLA 


· .. compact, 
highly 
efficient 
silicon rectifiers for medium-current 
applications requiring: 


• 
High Current 
Surge 
- 400 
Amperes 
@ TJ = 175°C 


• 
Peak Performance 
@ Elevated 
Tempe-rature 
- 
25 Amperes 
@ 


TC = 150°C 


• 
Low Cost 


• 
Compact, 
Molded 
Package 
- 
For 
Optimum 
Efficiency 
in a Small 
Case Configuration 


MR 
MR 
MR 
MR 
MR 
MR 
MR 


CharacteristIC 
Symbol 
2500 
2501 
2502 
2504 
2500 
250E 
2510 
Unit 


Peak RepetitIve 
Revl!rse Voltdge 
VRRM 
Volts 


WOr king 
Peak Revel se VOltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 


DC Blocking 
VOltdge 
VR 


Non 
RelJet'llve 
Peak 
Revel 
se 
VRSM 
60 
120 
240 
480 
720 
960 
1200 
Volts 


VoJlitge 
thallwdve. 
Single phase 
60 HllJedkl 


Averdge 
Recld leu ForW<H d Curren 
'0 - 


25 
. 
Amp 


(Single 
IJha~e 
resistive 
load 


60 Hi TC 
1500CI 


Non 
RepetlllVl:! 
Pe.tk 
Surge 
IFSM .. 
400 (lcr 
1 cycle! - 


Amp 


CUlrenl 
(slHYC 
clpplled 
,~\J Idled 


IOdl! 
l,;Ondlt 
Ions 
hdll 
IfI,'dVe 


SIIllj1e 
IJhclse 
60 
Hi) 


OjJef.lll119 
,uHi $torclqe 
Junt:llon 
r J T sty .. 
-6510 
,175 
.. 
De 


Tenlpt!r.llure 
Rdl1qe 


CharacteristIC 


Therrr"'li 
Res,st.Jnl,;~ 
JunCllon 
10 C<lo;e 
IS'"41t' S,d~ Coolenl 


CharacterIstiCS 
and 
CondItIons 
Symbol 
Max 
Unit 


Mdxlfl!Um 
InSldnl<lneouS 
Forw.Htl 
Volldye 
vF 
I 18 
Volls 


"F 
78 5 Afll~ 
Tc: 
250Cl 


MaXImum 
Reverse 
Current 
{rated 
de 
vOltdyel 
'R 
"A 


Te 
25°C 
100 


Te 
100°C 
,00 


CASE: 
VOId Free. Transfer Molded. 


FINISH: 
All 
External 
Surfaces are CorrosIon 
ReSIstant and the Contact 
Areas ReadIly 
Solderable. 


POLAR !TV: 
Indicated by dot on Cathode Side 


MOUNTING 
POSITIONS: 
Any 


MAXIMUM 
TEMPERATURE 
FOR SOLDERING 
PURPOSES: 
250DC 


WEIGHT: 
1.8 Grams (Approximately) 


MR2500 
Series 


MEDIUM-CURRENT 


SILICON 
RECTIFIERS 


50 - 
1000 VOL TS 
25 AMPERES 


DIFFUSED 
JUNCTION 


M-tq- 


~ 
D 
~ 


I 
, -- 
-- 
I 


.- 
B 
F 


-- , 
I 
- 


Telnperature 
Referenr.;e 
Point 


-Tj·l\OC 
.-- 
/' 
---- 


-"" 
J....-- 


/ 
/' 
MAXIMUM 
/ 
-",,' 
- 
f-TYPICAl 
/ 
/ 


I 


I 


700 


\00 


300 


100 


100 


70 


\0 
••'"5 30 
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=> 
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~ \0 
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...•......... 


VRRM 
MAY 
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THE Tj 
"--...... 
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IS Tj PRIOR TO SURGE 


'-- 


f,. 60 Ht 


......... 
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TJ = 1750C 
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r-- 
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I--,,,,,.~ 
'r--. 


0: 
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~ 
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> 
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FIGURE 
4 - 
CURRENT 
DERATING 
FIGURE 
5 - 
FORWARD 
POWER 
DISSIPATION 
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CURRENT 
INPUT WAVEFORM 
J\fv- 


I ~-~-~ 
II 


V20ldcl 


Pdc 
~ 
o=--=~ 
Prms 
V 
o(rms) 


RL 


.100% 
= 
V20ldcl 
.100% 


V20locl 
+ V20ldcl 


V2m 


2RL 


O(sQuarel 
'"' V2m 
.100% 
= 50% 


RL 


(A full wave circuit 
has twice these efficiencies) 


As the frequency 
of the input 
signal is increased. the reverse 
recovery 'time of the diode (Figure 9) becomes significant. result- 
Ing 
.n 
an 
Increasing 
ae 
voltage 
component 
across 
RL which 
is 
opposite 
in polarity 
to the forward 
current, 
thereby 
reducing 
the 


value of the efficiency 
factor 
0, as shown on Figure 10. 


It 
should 
be emphasized that 
Figure 
10 shows waveform 
efficiency 
only; 
it 
does not provide a measure of diode losses. 


Data was obtained 
bv measuring the ae component 
of Va with a 
true rms ae voltmeter 
and 
the de component 
with a de voltmeter. 


The data was used in Equation 1 to obtain poinu 
for Figure 10. 


For a sine wave input Vm sin (wt! to the diode, assume 
the milximum theoretical efficiency factor becomes: 


v2m 


n2AL 
4 


O{slnel = V2 


m 
.,00% =;2 
.'00% 
= 40.6% 


4RL 


@ MOTOROLA 


· .. designed for applications 
requiring a low voltage rectifier 
with 


reverse 
avalanche 
characteristics 
or 
for 
use 
as 
a 
reverse 
power 


transient 
suppressor. 
Developed 
to 
suppress 
transients 
in the 
auto- 


motive 
system, 
this 
device 
operates 
in 
the 
forward 
mode 
as 
a 
standard rectifier 
or reverse mode as a power zener diode and will 


protect 
expensive 
mobile 
transceivers, 
radios 
and 
tape 
decks 
from 


over-voltage 
conditions. 


• 
High Power Capability 


• 
Economical 


• 
Increased Capacity by Parallel Operation 


• 
Avalanche Voltage - 
24 to 32 V 


Rating 
Symbol 
Limit 
Unit 


bc Peak RepetItive 
Reverse Voltage 
VRRM 
23 
Volts 
Working 
Peak Reverse Voltage 
VRWM 


DC Blocking 
Voltage 
VR 


AMS Forward 
Current 
IIRMS) 
94 
Amp 


Average Rectified 
Forward 
Current 
MA2S2S, A 
'0 
25 
Amp 


MA2S2SL 
6 
(Smgle Phase, ResIstive Load, TC = 1500CI 


Non-Repetitive 
Peak Forward 
Surge Current 
'FSM 
600 
Amp 
(Surge Applied 
at Rated 
Load Conditions, 
Halfwave, 
Single Phase 60 Hz) 


RepetItive 
Peak Reverse Surge Current 
'RSM 
Amp 
(Pulse Width:: 
10 ms, Duty Cycle ~ 1 0 '~\l, 


TC = 85°C I 
Exponential 
(See FIgure 2) 
62 
Square Wave (See FIgure 1) 
40 


Operating 
and Storage JunctIon 
TJ,Tstg 
-65to'i-175 
°c 


Temperature 
Range 


Characteristic 


Thermal 
ResIstance, Junction 
to Case 


MA2S2S, A 


Characteristic 
Symbol 
Min 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
(1) 
vF 
- 
1.1 
Volts 
(iF = 79 Amp, TJ = 25°C) 


Reverse Current 
IA 
J1Adc 
(VA = 20 Vde, TC = 25°C) 
- 
50 
{VA = 20 Vde, TC = 100°C} 
- 
300 


Breakdown 
Voltage 
8V 
24 
32 
Volts 
(lA = 100 mAde, TC = 25°C) 


Breakdown 
Voltage 
l2) 
BVM 
_. 
40 
Volts 


{lA = 40 Amp, TC = 85°C} 


MR2525 
MR2525R 
MR2525L· 


REPETITIVE 
REVERSE 
SURGE CURRENT 


IT C = 8SoC, 
Duty 
Cycle 
';;'.0%) 


a: 100 
"5~ 10 
z 
w~ SO 
~ 
'"u 
'" 
30 
~ 
'"~ 


0> 
20 


'";0~ 
~ 10 


..JL 


>---1-" 


...•...••.• 


•..••. 


I-- 
---- 
TVplcal 
Failures 


---- 
DesIgn limit 
", 


III 


~ 
1.0 


~ 
s.n 
1.0 
10 
20 
SO 


I). PULSE WIDTH (msl 


i'- -+-- 


I I I I III ivp~",~",;,,~ 


OUf"lttt 


" 
NOle 
1 


I 


! 
, 


"- 
•...... 


....... 


I 


Time 
t 1 is at the half power point 
and is defined 


as follows: 


The 
time 
constant 
of 
the 
exponential 
curve 
can 
be 


found by multiplying 
11 by 1.44. 


TRANSIENTS 
IN THE 
AUTOMOTIVE 
ELECTRICAL 
SYSTEM 


INTRODUCTION 


The introduction of electronics into the automobile has 


brought with 
it the interesting sidelight of characterizing 


the 
automotive 
electrical 
system 
for 
transients. 


Since most electro·mechanical systems exhibit a wear- 


out phenomenon as electrical stressesare increased,there 
has been no need to separately define transients from the 
normal 
load 
conditions. 
Any 
transient 
condition 
was 


simply accounted for by increasing contact ratings, etc. 
The introduction 
of semiconductors changes the picture 
since they 
exhibit 
a different 
sensitivity 
to transients. 


Semiconductors tend to 
have a black and white failure 


characteristic 
when 
exposed 
to transients 
in that 
no damage 
is caused below a certain level and total 
failure results 
above a certain level. 
Unfortunately 
these two levels are 
separate and the problem is further 
compl icated by the 
fact that the energy tolerance of semiconductors is nor· 
mally subject to a production 
distribution. 
This leaves 
solid state systemsopen to problems which are discovered 
only after many units are in the field. 


Transients 
in 
the 
automotive 
electrical 
system 
have 


widely 
varying 
energy 
levels occurring 
over 
widely 
varying 


times, 
but 
most 
become 
insignificant 
compared 
to 
the 
worst transient known 
as "Load 
Dump". 
Load dump 


happens when the battery 
becomes dISconnected while 


the alternator 
is supplying charging current, or the dis· 


connection 
of 
some 
other 
load 
with 
no 
battery 
present. 


Load dump tranSients generally are of 200 to 500 milli· 


seconds 
duration, 
having 
an 
exponential 
decay 
from 
a 
worst case peak voltage of 80-120 volts. A clamped load 
dump, 
it 
should 
be noted, 
will 
be of 
considerably 


shorter 
duration. 


Although 
the possibility 
of the battery becoming dis· 


connected 
while 
the 
engine 
IS running 
may 
seem 
remote, 


it 
is not 
reasonable 
this 
occurrence 
should 
result 
in 
the 
total failure of the electrical system of a car. 


The 
following 
table 
lists some 
of the 
tranSIents 
the 
auto- 


motive 
electroniC 
designer 
must 
consider 
and 
should 
cause 


him 
to provide 
some 
level 
of protection. 


Available 
Transients 


1. ±200 
Volts for IJ5econds 


2. 
-t Load Dump 


1. -300 
Volts for milliseconds 


2. 
±200 
Volts for J.lseconds 


3 
+LOad Dump 


Note: 
All tranSIents are 


exponential 
decay. 


The 
voltages 
and 
times 
shown 
are 
reasonable 
values 


from 
many 
on·car 
measurements. 
Since 
the 
nonload-dump 


transients 
are of 
low 
energy, 
but 
high 
voltage, 
it is recom- 


mendedthey be clamped rather than blocked. It is impera· 


tive 
that 
source 
impedances 
also be known 
to allow 
proper 
~election of clamp devices. 


Power 
Source 


Battery 
Line 


Figure 
3 
shows 
the 
most 
straight 
forward 
method 
of 


preventing 
large 
negative 
transients 
from 
disrupting 
the 
accessory 
and 
ignition 
busses. 
At the 
instant 
the switch 
is 


opened, 
the current 
flowmg 
in the Inductance 
will 
transfer 


to 
the 
diude 
producing 
abuut 
1 volt 
negative 
on 
that 
particular 
buss. This condition 
will 
remain until 
the current 


in the 
inductance 
decays 
dt d rate determined 
by the 
L/R 
time 
constant 
for 
the 
CirCUIt. 
It can 
be shown 
that 
the 


peak 
currents 
dlld 
transient 
durations 
avaIlable 
in the 
caf 


can easily 
be absorbed 
by a 1N4003 
diode. 


FIGURE 3 


vou~ 
~d~~'~V~l-T 


Diad\:! 


-.2..- 
SlIplJressor 
-- 
- 


Figure 
4 
shows 
the must 
strJlyht 
forward 
scheme 
for 
protecting 
agalllst 
the 
~t:rlt:S 
L·C type 
of 
transient. 
The 


forwCtrd 
biased 
diode 
31.tH.H1 
to protect 
the negative 
tran· 


sient 
is slfnllur 
to 
the 
I.H..:{lon 
de~crlbcd 
for 
Figure 
3. An 


aVctldnche devtf ..:e I~requ.red 
to clip 
off 
the positive 
portion. 


Just 
applYing 
the~ 
two 
techniques 
cmd 
calling 
the 


result 
a md~ter 
suppressor. 
overlooks 
the 
result 
of mutuiil 


coupling. 
Be(;dU~ 
of 
(hi':) effect. 
It becomes 
appdrent 
that 


I 


v 0 ul r----'""l 
I'- 
~-~--T-D 
-1-tI-- 
I "/ 
I 
; 


~ 
? 
'f 
I 


Lad" n 
1 
1 ~ 


protecting 
dgainst 
posItive 
InductIve 
tranSients 
at one spot 


is useless. 
Using 
the 
technique 
shown 
in 
Fi9We 
4 
to 


protect 
the 
vanuu:-. lines, 
would 
not 
be money 
well 
spent, 


since 
the 
same 
level of 
IJrotet:tlon 
would 
still 
be required 


at each 
module 
anyway. 
due to mutual 
coupling. 
The 
best 


central 
suppressor 
for 
negative 
transients, 
then, 
is shown 


in 
Figure 
5. 
T 


IA<CT~yYJ 
Ig/lltion 1 


I 
I 
I 


To 
complete 
the 
job, 
protection 
is needed 
against 
load 


dump. 
The 
easiest 
method 
is \0 simply 
clamp 
the 
output 


of 
the 
alternator 
with 
an avalanche 
devicp., 
as shown 
to 


Figure 
6. 
The completed 
suppressor 
would 
then 
appear 
as 


In 
Figure 
7 
It 
could 
easily 
be 
more 
cost 
effective 
to 


incorporate 
the 
load 
dump 
suppressor 
into 
the 
alterndtor 


itself. 
The 
end 
effect 
would 
be 
Identical 
to 
Figure 
6, 


"out 


(~atler 
v 


VVlrelr 


R2525R 


Su~pressor 


however, 
the 
implementation 
would 
require 
placing 
3 


avalanche 
devices 
in 
place 
of 
the 
present 
3 diodes 
In the 


ground 
side of 
the diode 
bridge 
in the alternator. 


T 


~-, 
~sorVl 
1 TT 


Installing 
a battery 
with 
the 
terminals 
re\ler~d 
today 


causes totdl 
failure 
of 
the 
charging 
system. 
USUJlly 
d fuse 


link 
fails, however. 
some C(:lrssuffer 
i:tlternator 
failure. 
TI1I:-' 


condition 
IS caused 
by 
a large 
current 
In·rush 
through 
the 


diode 
bridge 
which 
IS forward 
bldsed dunng 
rl!\lerSe UlJller'{ 


conditIon. 
The 
mCjster suppressor 
proposed 
In Fl9lJn~ 
7 


wdl 
suffer 
the 
SCJml?fCJte. While 
il SUlJlJressor Gill 
t!d:-.dy be 


devised, 
which 
will 
not 
drain 
current 
during 
-12 
V con· 


ditlOn, 
It is CJpparent that 
this 
defeats 
the 
purpo~e 
of 
the 


suppressor. 
In 
order 
to 
make 
thiS 
concepl 
fedSlble, 
d 


Circuit 
breCJker must 
Ue Inserted 
In 
serie~ 
Wi lh 
lhe 
rndln 


battery 
lead. 


PARALLEL 
OPERATION 


Higher 
surge 
current 
capabilIties 
call 
b~ ObtallleLl 
by 


paralleling 
the 
basic 
suppressor 
cells. 
Contoct 
Motorola 


Semiconductor 
Products 
DiviSIon 
through 
the nearest 
sales 


offIce 
or 
authorized 
distributor 
for 
mOre 
,nfor matlon 
on 


number 
of 
cells 
required 
and 
packaye 
configuratIons 


available. 
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To 
determine 
maximum 
junction 
temperature 
of the 
diode 
in a given situation, 
the following 
procedure is 
recommended: 


The temperature of the caseshould be measuredusing a 
thermocouple placed on the caseat the temperature ref· 
erence point 
(see the outline 
drawing on page 81. The 
thermal 
mass connected to 
the case is normally 
large 


enough so that it will not significantly 
respond to heat 


Duty 
Cvcle. 
0 '"'tplt 1 


Peak Power. 
Ppk. is peak 
of 


an equivalent 
SQuare power 
pulse. 
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surges generated in 
the 
diode 
as a result 
of 
pulsed 
operation once steady-state conditions are achieved. Using 
the measured value of TC, the junction 
temperature may 


be determined by: TJ = TC + (.TJC 


where t.TJC is the increasein junction temperature above 
the casetemperature. It may be determined by: 


t.T JC = Ppk • ROJC[0 + (1-0) 
. r(q 
+ tpl + r(tpl - r(q)] 


where: 


r(tl 
= normalized value of trarsient thermal resistance 
at time, t. from Figure 14, i.e., 


r (q 
+ tpl 
= nprmalized value of transient thermal 


resistanceat time t1 + tp. 
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MR2525l 
FORWARD 
CURRENT 
DERATING 
DATA 


Use 
01 (he 
above 
model 
perm,ls 
JunctIOn 
to 
I~,jd therrlldl 
res,stdnc;e 
lor 
,iny 


mountIng cont.g<HdltOnto be 10"n(1 
Lowesl vdluesoceul when one sIde ot the 


rect,t't'r 
IS brought 
dS close 
<is possible 
fO Ihe 
heat 
sInk 
as shown 
below 
Terms 
,n 
the model sIgn,fy 


TA 
Amb,t'nl 
Temper"lult' 
AilS 
Thelmal 
At>SISldnce 
Heat Smk 10 Amb'enl 


Tl 
ledd 
Tempef"lu,t' 
RUL 
Thermal Rps'S(dnc~ 
Lead 
10 Hedt Sink 
T C 
Case 
TemperaTure 
R!JJ 
Thermdl 
Rt'~'slilnce 
Junction 
to Case 
T J 
Junellon 
Temperalure 
PF 
Power 
DISSlpat,on 


ISUl)!IoCIIPh 
A .md 
K refC!f 10 anode 
dnd cathode 
Sides res~ellivel 
•••I 


Values for thermal 
resistance components 
are 
ROL 
40°C WIN 
Typically and 44oC'WilN 
MdltrmUm 


RVJ 
2cC 
W TYPically 
and 4oC'W 
'vlalumum 


Smce 
ROJ 's so low. measurements 
of the 
case temperature. 
Te. 
Will be approx 


Imately 
equal 
to 
JunCllon 
tempera 
lure 
In practIcal 
lead 
mounted 
applications 
When 
used 
as a 60 Hi 
rectif,er, 
the 
slow 
thermal 
response 
holds 
T J{PKI 
close 
to 
TJlAVGI 
Therefore 
maximum 
lead 
temperature 
may 
be 
found 
Irom 
TL 
= 


1750-ROJL 
PF 
PF may 
be lound 
hom 
FIgure 
18 


The 
recommended 
method 
of mOuntlng!o 
ape 
board 
ISshown 
on the sketch, 


where 
RUJA 
IS apprOxlm.ile1y 
2SoC 
'W for a I 1,'') 
x 1 1/2' 
copper 
surface 
arf' 
Values 
of 40°C 
W d(e typtcal 
for mounting 
to terminal 
strIps 
or P C boards 
wh. 


avaIlable 
surface 
area 
tssmall 


~ 
]IQ: 


~ 
Bo",d grouod 
plane 
-------"':- 
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mounting 
for 
half wave circuit 
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'_ 
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of I 8 lOch Of greater 
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- 
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Values lor times greater 
(han 2 0 seconds 
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~r~~~7~:~ea 
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curves 
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Ellher 
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Of maximum 
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MR2525, R, L 
TYPICAL DYNAMIC 
CHARACTERISTICS 


FIGURE 20 - 
RECTIFICATION 
EFFICIENCY 
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MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MtN 
MAX 


A 
10.03 
10.29 
0.395 
0.405 
8 
5.94 
6.25 
0.234 
0.246 
D 
1.27 
1.35 
0.050 
0.053 
K 
25.15 
25.65 
0.990 
1.010 


MAXIMUM 
LEAD 
TEMPERATURE 
FOR 
SOLDERING 
PURPOSES: 
350°C 
3/8" 
from 
case 
for 
10 seconds 
at 
50 
tbs. 
tenSIon 


POLARITV: 
Indicated 
by 
diode 
symbol 


WEIGHT: 
2.5 
Grams 
(approx) 


SEATING 
PLANE 
1/4·28 UNF·2A 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
18.29 
- 
0720 
- 


8 
16.99 
17.48 
0.669 
0.688 
C 
- 
1067 
- 
0.420 
D 
- 
&.38 
- 
0.330 
F 
0.46 
0.56 
0.018 
0022 
H 
7.62 
8.13 
0300 
0.320 
J 
10.72 
11.51 
0.422 
0.453 


K 
- 
30.48 
1.200 
n 
4.44 
4.70 
0175 
0.185 


POLARITY: 
Standard polarity 
is 
cathode 
to case - 


MR 2525. 
Reverse 
polarity 
IS 
anode 
to 
case 
and 
IS 
de- 
signated by an "A" 
suffiX 
- 
MR2525R 


® MOTOROLA 


utilizing 
a MR2500 button type Rectifier inserted into a copper 
package, providing 
all its performances and reliability. 
Highly efficient for applications requiring: 


• 
High Current Surge - 400 Amperes @ TJ = 175°C 


• 
Peak Performance @ Elevated Temperature - 25 Amperes @ 
TC=150°C 


• 
Low Cost 


MR 
MR 
MR 
MR 
MR 
Characteristic 
Symbol 
3491 
3492 
3493 
3494 
3495 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
Volts 


Working 
Peak 
Reverse 
Voltage 
VRWM 
50 
100 
200 
300 
400 


DC 
Blocking 
Voltage 
VR 


Non-Repetitive 
Peak 
Reverse 
VRSM 
Volts 


Voltage 
lhalfwave. 
single 
phase, 
100 
200 
300 
400 
500 
50 Hz peak) 


RMS Reverse Voltage 
VR 
35 
70 
140 
210 
280 
Volts 


Average 
Rectified 
Forward 
Current 
10 
Amp 
(Single phase. resistive load, 
25 
50 Hz, TC" 
150<C) 


Non-Repetitive 
Peak Surge 
Current 
IFSM 
Amp 
(Surge applied 
@ rated load conditions. 
400 
(for 
1 cycle) 


half 
wave, 
single 
phase, 
50 
Hz 


11t Rating 
(non-repetitive, 
for 
t 
I', 
A's 
greater 
than 
1 ms and less 
660 
(rmsl 
than 
10 ms) 
- 
I Operating 
and 
Storage 
Junction 
TJ' Tstg 
C 
I 
Temperature 
Range 
-65 
to +175 


Characteristics 
and Conditions 
Symbol 
Max. 
Unit 
I 


MaXImum 
Instantaneous 
Forward 
Voltage 
vF 
Volts 
I 
OF" 
78.5 Amp, TC" 
25 "C) 
1.18 


MaxImum 
Reverse 
Current 
(rat~d 
de voltage) 
IR 


-=---J 


TC" 
25 
C 
100 


Tcol00 
C 
500 


CASE: 
VOId 
Free. 
Transfp.r 
Molded. 
Button 
Inserted 
into 
a Copper 
frame 


FINISH 
All 
External 
Surfaces 
are 
Corrosion 
Resistant 
and 
the 
Contact 
Areas 


Readily 
Solderable 


POLARITY 
Cathode 
to case. 
For 
Reverse 
polarIty 
parts. 
add 
"R" 
suffiX. 


Ex' 
MR3491 
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MOUNTING POSITIONS' Anv 


MAXIMUM 
TEMPERATURE 
FOR SOLDEIlING 
PURPOSES: 190'C 


MR 3491 


thru 
MR 3495 


MEDIUM-CURRENT 
SILICON RECTIFIERS 


50-400 
VOLTS 
25 AMPERES 
DIFFUSED JUNCTION 


MILLIMETERS 
-·,NCH'S! 


DIM. 
MIN. 
MAX. 
MIN. 
MAX 


A 
1~ 15 
1600 
o G20 
0,30 


B 
I 2ti~ 
1316 
Q 0498 
(l 0~18 
C 
25' 
25.7 
100 
101 
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210 
o (l/li8 
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V20ldcl 


Pdc 
RL 
o:_:~ 


Prms 
V 
o(rms) 


RL 


.,00%' 
V20ldcl 
• 100% 


V20locl 
+ V20ldcl 


V2m 


2RL 


O"lsQuareJ '" V2m 


- 
100~"o - 50% 


RL 


IA full wave 
Circuit 
has twice 
these 
ethclenCles) 


For 
a Sine wave input 
Vm sin (wtl 
to the diode, 
assume 
the maximum 
theoretical 
efficiency 
factor 
becomes' 
v2m 


1f2Rl 
4 


O{sine) = V2m 


• 100%:: -;2 • 100% '" 406% 


4RL 


As 
the 
frequency 
of 
the 
Input 
signal 
'$ l:1creas~d. 
the 
'everse 


recovery 
lime 
of 
the 
diode 
(Figure 
91 becomes 
Significant. 
result 


iog 
In an 
Increasing 
ac 
voltage 
component 
acrOSS 
R L 
which 
is 


opposite 
In polarity 
to the 
forward 
current, 
thereby 
redUCing th~ 


value 
of the effIciency 
factor 
o. as shown 
on 
Figure 
10 


It 
should 
be 
emphaSIzed 
that 
Figure 
10 
shows 
WiJ\,ptorm 


effiCIency 
only; 
It 
does 
not 
prOVIde 
a measu',," 
of 
dIode 
iosses 


Data 
VIlas obtained 
by 
measuring 
the 
ac campont" 
. 01 V() v'Io'llh <I 


true 
rms 
3C voltmeter 
and 
the 
dc· component 
wnh 
d de VOlTmeter 


The 
data 
VIlas used 
In 
EquatIon 
1 to 
obtain 
p(Jlnti 
for 
F .yure 
10 


Motorola 
MR3491 
Series rectifiers 
are designed for 
press·fitted 
mounting 
in a heat sink. 
Recommended 


proceduresfor this type of mounting are asfollows: 
1. Drill 
a hole in the heat sink 0.499 ± 0.001 inch in 
diameter. 


2. Break the hole edge as shown to prevent shearingoff 
the knurled edge of the rectifier when it is pressed 
into the hole. 


3. The 
depth 
of 
the 
break should 
be 0.010 
inch 


maximum 
to 
retain 
maximum 
heat 
sink 
surface 


contact 
with 
the 
knurled 
rectifier 
surface. 


4. Width of the break should be 0.010 inch asshown. 
These procedures will allow proper entry of the rectifier 


knurled 
surface, 
provide 
good 
rectifier-heat 
sink 
surface 


contact, 
and 
assure 
reliable 
rectifier 
operation. 
If 
the 
break is made too deep, thereby reducing contact area 


for 
heat 
transfer, 
reliability 
of 
operation 
will 
be 
im- 


paired. 
These 
devices 
can 
be 
mounted 
in 
a thin 
~hassis 
by 


inserting 
the 
rectifier 
through 
an 
additional 
heat 
sink 


plate 
which 
is 
mounted 
in 
intimate 
contact 
with 
the 
upper 
side of 
the chassis. This provides additional 


contact 
area 
for 
the 
rectifier 
knurled 
edge, 
as well 
as 


additional heat sink capacity. 
5. The pressingforce will vary from 250 Ibs 1115daNI 
to 
1000 
I bs (454 daNl, depending on the heat-sink 
material used. 
6. 
Pressing 
force 
must 
be 
appliedby 
a tool 
hereunder 
described: 


MILLIMETERS 
·,NCHES --I 


DIM 
MIN. 
MAX. 
MIN 
MAX. 
: 


H 
IS/5 
1600 
0620 
o.6:ml 


J 
914 
9.38 
0360 
o Jill i 


K 
178 
18.2 
0700 
o 11b 


l 
1.0 
1.2 
0.U3:1 
OIl4!J 


F 
F 
lioolNOl,\ 
W ..t;~ 


L 
i=:~~~ 
OIA 


O_24,~---~-- 
H[AT$INI( 


T 
I--....j 
0,499 ± 0,001 
DIA 
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® MOTOROLA 


INDUSTRIAL 
PRESSFIT 
SILICON 
POWER RECTIFIERS 


. designed 
for 
use in all 
medium·current 
applications 
or 
for 
higher 


current 
industrial 
alternators 
and chassis mounted 
power 
supply 


rectifiers. 


• 
50 Amp 
@TC 
= 1500C 


• 
600 Amp 
Surge 
Capability 


• 
Reverse 
Polarity 
Available 


• 
Rugged 
Construction 


Rating 
Svmbol 
MRSOOS 
MA501Q 
MR5020 
MR5030 
MR5Q40 
UnIt 


P"ak 
RPI>l'IIIIV'> 
Rf'vf'rsC Volta~Jl' 
VRRM 
50 
100 
200 
300 
400 
011', 
Workmg 
Pf'ak Rev('fsl' Voltage 
VRWM 


DC StoLk,ng 
VOltagf' 
Vc 


NOIlR'~PClltIVf: 
Pf'ak Revers.! Voltage 
VRSM 
75 
150 
250 
400 
450 
Volts 


AMS 
Reverse 
VOllaye 
VRIRMS 
35 
70 
140 
210 
280 
VOlts 


Average Rectlf,ed 
Forward 
Current 
'0 
Amp 
(Single phase, resistive load, 
0 
50 
. 


TC 
150°C 


Non-RepetitIve 
Peak Surge Current 
IFSM 
Amp 
(Surge applied 
at rated load 
bOO 
. 


condlt,ons) 


Operatmg 
and 
Storage 
T J.T stg 
~6510 .• 195 
. 
°c 


Junction 
Temperature 
Range 


THERMAL 
CHARACTERISTICS 


Character 1stie 
Svmbol 
I 
Max 
I 
Unit 


Thermal 
Resistance, Junction 
to Case 
ROJC 
I 
0.8 
I 
°cm 


ELECTRICAL 
CHARACTERISTICS 


Characteristic 
Svmbol 
Min 
Tvp 
Max 
Unit 


Instantaneous 
Forward 
Voltage 
vF 
Volts 
('F 
= 157 Amp, 
TJ: 
250CI 
- 
1.10 
1.18 


('F 
= 50Amp, 
T,: 
250CI 
- 
0.95 
1.00 


Reverse Current 
(rated dc voltage) 
'R 
mA 


(TC 
= 250CI 
- 
0.05 
0.2 


IT C = 1500CI 
- 
1.0 
2.0 


MECHANICAL 
CHARACTERISTICS 


CASE: 
Welded hermetically 
sealed construction 


FINISH: 
All external 
surfaces corrosion resistant. terminals readily solerable 


WEIGHT: 
9 grams (approx.) 


POLARITY: 
Cathode connected 
to case (reverse polarity 
available denoted 
by Suffix 
R, i.e.: 
MR5030R) 


MOUNTING 
POSITION: 
Any 


MR5005 
MR5010 
MR5020 
MR5030 
MR5040 


SILICON 
POWER RECTIFIERS 


50-400 
VOL TS 


50 
AMPERE 


NOTES: 


1. 50TPI STRAIGHT ~NURL. 
2. POLARITY. INK MARKEO ON 
PACKAGE 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
15.49 
16.26 
0.610 
0.640 


8 
12.13 
12.83 
0.501 
0.505 


C 
5.08 
6.35 
0.200 
0.250 


0 
2.46 
2.62 
0.097 
0.103 


E 
2.03 
4.83 
0.080 
0.190 


H 
5.08 
6.35 
0.200 
0.250 


J 
3.56 
0.140 


K 
- 
15.24 
0.600 


~O 
~~ 
03 
~~ 
w<: 
02 
"" 
~~ 
~o 
~~ 
01 


~~ 
007 
e:~005 
:g~003 


0.02 


FIGURE 1 - 
CURRENT DERATING 
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@ MOTOROLA 


. employing 
the 
Schottky 
Barrier 
principle 
in a large area 
metal·to- 
silicon 
power 
diode. 
State 
of the art 
geometry 
features 
epitaxial 
cons- 
truction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact 
with 
ion 


implanted 
guard 
ring for transient 
protection. 
Ideally 
suited 
for use as 


rectifiers 
in low-voltage, 
high-frequency 
inverters, 
free wheeling 
diodes, 
and polarity 
protection 
diodes. 


Extremly 
Low V~ 


Low Stored 
Charge, 
Majority 
Carrier 
Conduction 


Lowest 
combined 
Power 
Loss 


High Surge Capacity 


MAXIMUM 
RATINGS 


Rating 
Symbol 
SO 41 
Unit 


Peak 
Repetitive 
Reverse 
Voltage 
VRRM 
45 
Volts 
Workmg Peak Reverse Voltage 
VRWM 


DC Blocking Voltage 
VR 
TC=250C 


Average Rectified 
Forward Current 
IF(AV) 
30 
Amp, 
Square Wave, Rated VA 


Non-Repetitive 
Peak Surge Current 


(Surge applied at rated load conditions 
IFSM 
600 (for 1 cycle) 
Amp. 


halfwave, single phase, 60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range (Reverse 
TJ,Tstg 
-65.0 
+150 
°C 


voltage 
appl iedl 


Peak Operating Junction 
Temperature 
TJ(pk) 
175 
°C 
(Forward Current applied) 


Voltage 
Rate of change 
dV/dt 
700 
V/u. 


THERMAL 
CHARACTERISTICS 


Characteristic 
I 
Symbol 
I 
MIX 
Unit 


Thermal 
Resistance. Junction 
to Case 
ReJC 
I 
1,5 
°C/W 


ELECTRICAL 
CHARACTERISTICS 
(TC = 250C unless otherwose noted.1 


Char.cteristic 
Symbol 
Min 
TVp 
MIX 
Unit 


Maximum 
Instantaneous 
Forward 
vF 
Volts 
Voltage (1) 
0,48 
0,55 


(IF = 30 Amp,), TC = 1250 C 
- 


Maximum 
Inslanleneous 
Reverse 
'R 
mA 


Current 
VA 
"" 35 V 
- 
30 
125 


TC",,1250C 
- 


SD 41 


SCHOTTKY 
BARRIER 
RECTIFIERS 


30 AMPERES 
45 VOLTS 


In~t 
!>Ill I 1"111 .- 
1""101 


n,n. 
n .•'. 
.",.. 
",.". 
, 
,. -- 
". , 
". 


, 
II>.:" 
I"· 
", 
1."1 
'" 
.' 
, 
l'.r, 
'. 


" 
,. 
.'" 
J 
Ill. 
". , 
, 
... 
. 
:t>. 
" 
".'L, 
, 
~• I' 
... -, 
, 
.., 
".P'·'> 


CASE: 
Welded. hermetically 
se"ed 


FINISH: 
All external 
surfaces 
corrosion 
resistant 


and terminel 
lead is readily 
sokterable. 


POLARITY: 
Ce.hode.o 
C_ 


MOUNTING 
POSITION: 
Any 


STUD TORQUE: 
15 in. lb. Max. 


Reversepower dissipation and the possibility 
of thermal runaway 
must be considered when operating this rectifier at reversevoltages 
above 0.2 VRWM. 
Proper derating may be accomplished by use 
of equation 111: 


TAlma.): 
TJlma.I-ReJA 
PFIAVI- 
ReJA 
PRIAVI 
III 
where 


TAimaxi 
"" Maximum allowable ambient temperature 


TJlmax) "" Maximum atlowablejunctlon 
temperature (lSeoC 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 


PFIAV) "" Average forward power dissipation 


PR(AVl "" Average reversepower dissipation 


RaJA"" 
Junction·to·ambient 
thermal resistance 
Figures 1 
permit 
easier use of equation 
(11 by taking 
reverse power dissipation and thermal runaway Into consideration. 
The figures solve for a reference temperature as determined 
by 
equation 12L 


TR 
= TJlma.) 
- ReJA 
PRIAV) 
121 


Substituting equation (2) into equation (1) yields' 


TAlma.1 
: TR - 
ReJA PF(AV) 
131 


Inspection of equations (2) and 131reveals that TR is the ambient 
temperature at which thermal runaway occurs or where TJ "" 1:!'°C. 
when forward 
power is zero. 
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DUTY CYCLE, 
0 "" {pIll 
tp 
_ 
PEAK POWER, Ppk, 
is peak of an 
TIME 
~ 
11 - 
equivalent square power pulse. 


6 TJC ~ Ppk' 
ROJC 
10 -(I 
- 0)· 
f(q +Ipl +f(lp)-r(qll 


where 
t::. TJC': 
themcrease 
injunClion 
temperature 
above the case temperalUre 


rltl:: 
normahzed value of tranSient thermal resistance allime, 
1, from Figure 8. i.l!: 


r(11 -+ tpl '" normalized value of transient thermal resislance illime,lJ 
-+ Ip. 


1\ 
I 
\ 
~ 


---- - -- 


I 


....- 


=TJ=lS00C 
- 
125°C 


- 
lOoDe 
= 
75°C 
- 
25°C 


:;;( 100 
.5 


>-z 
~ 
10 
~~~ 
~ 
10 
~ 


Since current flow in aSchottky rectifier is the result of majority 
carrier conduction, 
it is not subject to junction diode forward and 
reverse recovery transients due to minority 
carrier inject ton and 
stored 
charge. 
Satisfactory 
circuit 
analysis 
work may be perlormed 
by using a model conSIsting 
of an ideal diode in parallel with. 
variable capacitance. 
(See Ftgure 6), 


Rectification 
effiCiency 
measurements 
show 
that 
operation 
will 


be 
satisfactory 
up 
to 
several 
megahertz. 
For 
example. 
relative 


waveform 
rectIficatIon 
effiCiency 
IS approximately 
70 per 
cent 
at 


2.0 
MHz. 
e.g., 
the 
ratio 
of 
de 
power 
to 
RMS 
power 
In the 
load 
lS 


0.28 
at 
thiS 
frequency, 
whereas 
perfect 
rectificatIon 
would 
yIeld 


0.406 
for 
sme 
wave 
Inputs 
However, 
In 
contrast 
to 
ordinary 


JunctIon 
diodes, 
the 
loss In waveform 
effiCiency 
IS not 
Indicative 
of 


power 
loss: 
It 
IS Simply 
a result 
of 
reverse 
current 
flow 
through 
the 


diode 
capaCitance, 
which 
lowers 
the dc output 
voltage. 


@ MOTOROLA 


. employing 
the 
Schottky 
Barrier 
principle 
in a large area 
metal-to- 
silicon 
power 
diode. 
State 
of the 
art geometry 
features 
epitaxial 
cons- 
truction 
with 
oxide 
passivation 
and 
metal 
overlap 
contact 
with 
ion 


implanted 
guard 
ring for transient 
protection. 
Ideally 
suited 
for use as 
rectifiers 
in low-voltage, 
high-frequency 
inverters, 
free wheeling 
diodes, 
and polarity 
protection 
diodes. 


Extremly 
Low VF 
Low Stored 
Charge, 
Majority 


Carrier 
Conduction 


Lowest 
combined 
Power 
Loss 
High Surge Capacity 


Rating 
Symbol 
SO 51 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
45 
DC Blocking Voltage 
VR 
TC=250C 
Volts 


Working Peak Reverse Voltage 
VRWM 
35 
Volts 


Average Rectified 
Forward 
Current 
IFIAV) 
60 
Amp. 
Square Wave, Rated VA 


Voltage 
Rate of Change 
dV/dt 
700 
V/}'s 


Non-Repetitive 
Peak Surge Current 
(Surge applied at rated load conditions 
IFSM 
800 
(for 
1 cycle) 
Amp. 
halfware, single phase, 60 Hz) 


Operating 
and 
Storage 
Junction 


Temperature 
Range (Reverse 
TJ,Tstg 
-65 
to +150 
°C 
voltage applied) 


Peak Operating Junction Temperature 
TJ(pkJ 
175 
°C 
(Forward 
Current 
Applied) 


Characteristics 
Symbol 
Typ 
Max. 
Units 


Instantaneous 
Forward 
Voltage (1) 
IF = 60 Amp. 
TC = 25° C 
0,65 
0,70 


TC = 1250 C 
VF 
0,58 
0,60 
Volts 


IF = 120 Amp. 
TC = 250 C 
0,79 
0,87 


TC=1250C 
0,70 
0,84 


Instantaneous 
Reverse Current, 


VR" 
35V 
TC=250C 


0,1 
50 
IR 
mA 


TC = 125° C 
30 
200 


SCHOTTKY 
BARRIER 
RECTIFIERS 


60 AMPERES 
45 VOLTS 


~ 


. 
r-1 
, 
¢ 
, 


NOTES: 
1, Dimension 
"P" 
is diameter, 


2. All JEDEC 
dimensions 
and 
notes 
apply_ 


CASE: 
Welded, 
hermetIcally 
sealed 


FINISH: 
All 
external 
surfaces 
corrOSIOn 
r~lstant 
and termin;jl 
lead 
IS readily 
solderable 


POLARITY: 
Cathode 
to Case 


MOUNTING POSITION, 
Any 


STUD TORQUE: 25 ;n. lb. Max. 


Reversepower dissipation and the pouibil ity of th.rmlll 
runa'W1'V 
must be considered when op~ating 
this rectifier at r••••rse voltllgeS 
lIbove 0.2 VRWM. 
Proper derating may be accomplished by use 
of equation (l): 


TA(maxl 
= TJlma.1 
- R6JA 
PFIAV) 
- 
R6JA PRIAVI 
III 
where 


TA(max) '" Maximum allowable ambient temperature 


TJlmaxl:= 
Maximum allowable junction temperature ('ISOOC 
or the temperature at which thermal runaway 
occurs, whichever is lowest). 


PFIAV) 
=- Average forward pcwverdissipation 


PRIAVl 
:II: Average reversepower dissipation 


R6JA :=Junction-to-ambient 
thermal resistance 
Figures 1 
permit 
easier u. 
of equation In by taking 


reverse power dissipation and thermal runaway into consideration. 
The figures solve for a reference temperature as determined by 
equation f21: 


TR = TJlma.1 
- R6JA 
PRIAV) 
121 


Substituting equation 121into equation III 
yIelds· 


TAlma.) 
=TR 
- 
R6JAPF(AVI 
131 
Inspection of equations (2) and 131revealsthat TR ISthe ambIent 
temperature at which thermal runaway occurs or where TJ 
=- 
lSOO c 


when forward 
pow.r 
is zero. 
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Prior 
10 surge, 
the 
reclifier 
is operated 
such 


that 
TJ" 
lOOoe; 
VRRM 
may 
be applied 


betwten 
each cycle 01 surge 


iiili 
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0,1 


VF, 
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VOLTAGE 
IVOLTSl 
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Since current flow in a Schottky reetif'er is the result of maioritv 
c.rrier 
oonductton, 
it is not subject to junction 
diode forward and 
reverse 
recovery 
transients 
due 
to 
minority 
carrier 
injection 
and 
stored 
chlirge. Satisfactory 
circuit 
analysis 
work mey be performed 
by usinga model consistiogof an ide.I diode in ~r.llel 
with. 
variable capacitance. (5M Figure 6). 


Rectification 
effiCiency 
measurements 
show 
that 
operation 
will 
be 
satisfactory 
up 
to 
several 
megahertz. 
For 
eKample. 
relative 


waveform 
rectIfication 
effiCiency 
IS approximately 
70 per 
cent 
at 
2.0 MHz, e.g., the ratio of de power to AMS power in the load ,s 
0.28 at 
thiS 
frequency. 
whereas perfect rectification would yield 
0.406 
for 
Sine wave 
Inputs. 
However, In contrast to ordinary 


JunctIon 
diodes. 
the loss In waveform 
effiCiency 
IS not 
indicative 
of 
power 
loss; 
it 
IS simply 
a result 
of reverse 
current 
flow 
through 
·the 


diode 
capacitance, 
which 
lowers 
the dc output 
volt~. 
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SCHOTTKY 
BARRIER 
RECTIFIERS 


Switchmode Power Rectifiers 


... 
using 
the 
Schottky 
Barrier 
principle 
with 
a platinum 


barrier 
metal. 
These 
state-<>f-the-art 
devices 
have the 
follo- 
wing features: 


Dual diode 
construction 
Guarding 
for stress protection 
Low Vf 
1500 C Operating 
Junction 
Temperature 


Aating 
Symbol 
SO 241 
Unit 


Peak Repetitive 
Reverse Voltage 
VRRM 
45 
Volts 
Working 
Peak Reverse Voltage 
VRWM 
DC Blocking 
Voltaga 
VR 


AversQ8 Rectified 
Forward 
Current 
10 
30 
Amp 
(Rated 
VR)) 
Tc=95°C 


Non-repetitive 
Peak Surge Current 
(Surge 
applied 
at rated 
IFSM 
400 
Amp 


load conditions, 
halfwave. 
single phase. 
60 Hz) 


Operating 
and Storage 
Junction 
Temperature 
Range 
TJ' Tstg 
65 to 
°C 


+150 


Peak Operating 
Junction 
Temperature 
TJ(pkl 
175 
°C 


(Forward 
Current 
Applied) 


Voltage 
Rate of Change 
(Ratad 
VR) 
dv/dt 
1000 
v/J,ls 


Charlet.riatic 


Thermal 
Resistance, 
Junction 
to Case 


Chlrlcteriatic 
Symbol 
max 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
(1 I 
vF 
Volts 


(IF 
= 
10 Amp, 
T C = 
125°C) 
0.47 


(IF 
= 
20 Amp, 
T C = 
125°C) 
0.60 


Maximum 
Instantaneous 
Reverse 
Current 
11I 
100 
(Rated 
de VoI18ge, 
T C = 
125°CI 
iR 
VR=35V 
mA 


Capacitance 
Ct 
2000 
pF 


100 
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compact, highly efficient 
silicon rectifiers for medium-current 


applications requiring: 


• 
High Current Surge - 400 Amperes@TJ = 175°C 


• 
Peak Performance @Elevated Temperature - 
25 Amperes @ 


TC=150°C 


• 
Low Cost 


• 
Compact, Molded Package- 
For Optimum 
Efficiency in a Small 
CaseConfiguration. 


TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 


Ch.racteristic 
Symbol 
0750 
0751 
0752 
0754 
0756 
0758 
0760 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRAM 
Volts 
Working 
Peak Reverse 
Voltage 
VRWM 
50 
100 
200 
400 
600 
800 
1000 


DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak Reverse 
VRSM 
Volts 
Voltage 
(halfwave. 
single 
phase. 
60 
120 
240 
480 
720 
960 
1200 


50 Hz"peak) 


Average 
Rectified 
Forward 
Current 
10 
Amp 


(Single 
phase. resistive 
load, 
25 


50 Hz,TC· 
150°C) 


Non-Repetitive 
Peak Surge 
IFSM 
Amp 


Current 
!surge applied@ 
rated 
400 
(for 
1 cvcle) 
Load conditions, 
half 
wave, 


single 
phase, 50 Hz) 


Operating 
and 
Storage 
Junction 
TJ, Tstg 
-65 to +175 
°c 
L Temperature 
Range 


Ch.rKteristic 


Thermal Resistance, Junction to Case 


ISingte 
Side Cooled) 


a..ract.rilties 
and Conditions 
Symbol 
Mox 
Unit 


Maximum 
Instantaneous 
Forward 
Voltage 
vF 
Volts 


(IF" 
78.5 
Amp, 
TC '"' 25°C) 
1.18 


Maximum 
Reverse 
Current 
(rated 
de voltage) 
IR 
~A 


TC-25°C 
100 


TC"oo°C 
500 


CASE: Void Free, Transfer Molded. 


FINISH: 
All External Surfaces are Corrosion Resistant and the Contact Areas 
Readily Solderable. 


POLARITY: 
Cathode to Soldering face. For ReversepOlarity parts Add "A" 
Suffix. 


Ex: TRA07SOR 


MOUNTING 
POSITIONS: 
Any 


MAXIMUM 
TEMPERATURE 
FOR SOLDERING 
PURPOSES: 190°C 


WEIGHT: 
2,1 Grams (Approximately) 


TRA 0750 SERIES 


MEDIUM-CURRENT 
SILICON 
RECTIFIERS 


SO-I000VOLTS 
25 AMPERES 
DIFFUSED JUNCTION 


lBE®=t 


INCHES 
MIlliMETERS 
OIM 
MIN 
MAX 
MIN 
MAX 


A 
0.395 
0.405 
10.03 
10.29 


B 
0.050 
0.053 
1.27 
1.35 


C 
0.21B 
0.222 
5.54 
5.64 


0 
0.165 
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4.19 
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6.25 


F 
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CURRENT 
INPUT 
WAVEFORM 
JVv- 


I ~-~-~ 
II 


v2m 


2RL 
O(square)"'- 
V2m 
- 
100% = 50% 


RL 


(A 
full 
wave circuit 
has twice 
these efficiencies) 


As 
the 
frequency 
of 
the 
Input 
signal 
is Increased, 
the 
reverse 
recovery 
time 
of 
the 
diode 
(Figure 
9) 
becomes 
SIgnificant, 
result- 


ing 
in 
an 
increasing 
ac 
voltage 
component 
across 
A L 
which 
is 
opposite 
in polarity 
to the forward 
current, 
thereby 
reducing 
the 


value 
of 
the efficiency 
factor 
0, as shown 
on 
Figure 
10. 


It 
should 
be emphasized that 
Figure 
10 shows waveform 
efficiency 
only; 
it 
does 
not 
provide 
a measure 
of 
diode 
losses. 


Data was obtained 
by measuring 
the ac component 
of Va With a 
true 
rm$ ac voltmeter 
and 
the 
de component 
with 
a de voltmeter. 


The data was used in Equation 1 to obtain points for Figure 10. 


for 
a sine wave input 
Vm sin (wtl 
to the diode. 
assume 
the maximum theoretical efficiency factor becomes: 


V2m 


w2RL 
4 
o(sine):C V2m 
.100%::~ 
.100%=40.6% 


4RL 


There 
are two basic areas of consideration 
for 
successful 


implementation 
of button 
rectifiers: 


1. Mounting 
and Handling 


2. 
Soldering 


each 
should 
be carefully 
examined 
before 
attempting 
a 


finished 
assembly 
or mounting 
operation. 


MOUNTING 
AND 
HANDLING 


The 
button 
rectifier 
lends 
itself 
to 
a multitude 
of 


assembly 
arrangements 
but 
one 
key 
consideration 
must 
always 
be included: 


One Side of the Connections 
to 


the Button 
Must 
Remain 
Flexible! 


The 
base heat 
sink 
may 
be of 
various 
materials 
whose 


shape 
and size are a function 
of the individual 
application 


and the heat transfer 
requirements. 


Common 
Heat Sink 
Materials 


Steel 


Copper 


Aluminium 


Tin 
or Nickel 
Plated 


Raw or Tin, 
Nickel 
Plated 


Tin or Nickel 
Plated 


Handling 
of 
the 
button 
during 
assembly 
must 
be 


relatively 
gentle 
to 
minimize 
sharp 
impact 
shocks 
and 


avoid 
nicking 
of the plastic. 
Improperly 
designed 
automatic 


handl ing 
equipment 
is 
the 
worst 
source 
of 
unnecessary 


shocks. 
Techniques 
for 
vacuum 
handling 
and 
spring 
load· 


ing should 
be investigated. 


The 
mechanical 
stress 
limits 
for 
the 
button 
diode 
are 


as follows: 


Tension 
14.5 DaN 


Shear 
25 
DaN 


Exceeding 
these 
recommended 
maximums 
can 
result 
in 


electrical 
degradation 
of the device. 


SOLDERING 


The 
button 
rectifier 
is basically 
a semiconductor 
chip 


bonded 
between 
two 
nickel· plated 
copper 
heat sinks with 
an encapsulating 
material 
of thermal-setting 
silicone. 
The 


exposed 
metal 
areas 
are 
also 
tin 
plated 
to 
enhance 


solderability. 


In 
the 
soldering 
process 
it 
is important 
that 
the 
tem· 


perature 
not 
exceed 
190°C 
if 
device 
damage 
is to 
be 


avoided. 
Various 
solder 
alloys 
can 
be 
used 
for 
this 


operation 
but 
one type 
is recommended 
for 
best results: 


63% 
tin, 
37% 
lead; 
Melting 
point 
183°C 
(eutetic). 


Solder 
is 
available 
as 
preforms 
or 
paste. 
The 
paste 


contains 
both 
the 
metal 
and 
flux 
and 
can 
be dispensed 


rapidly. 
The 
solder 
preform 
requires 
the 
application 
of 
a 


flux 
to 
assure 
good 
wetting 
of 
the 
solder. 
The 
type 
of 


flux 
used 
depends 
upon 
the 
degree 
of 
cleaning 
to 
be 


accomplished 
and 
is a function 
of 
the 
metals 
involved. 


These 
fluxes 
range 
from 
a mild 
rosin 
to a strong 
acid; 
e.g., 


Nickel 
plating 
oxides 
are 
best 
removed 
by 
an acid' 
base 


flux 
while 
an 
activated 
rosin 
flux 
may 
be 
sufficient 


for 
tin 
plated 
parts. 


Since 
the 
button 
is relatively 
light-weight, 
there 
is a 


tendency 
for 
it 
to 
float 
when 
the 
solder 
becomes 
liquid. 


To 
prevent 
bad 
joints 
and 
misalignment 
it 
is suggested 


that 
a weighting 
or spring 
loaded 
fixture 
be employed. 
It 


is also 
important 
that 
severe thermal 
shock 
(either 
heating 


or cooling) 
be avoided 
as it may lead to damage 
of the die 
or encapsulant 
of the part. 


Button 
holding 
fixtures 
for 
use during 
soldering 
may be 


of various 
materials. 
Stainless 
steel 
has a longer 
use 
life· 


while 
black 
anodized 
aluminum 
is less expensive 
and will 


limit 
heat reflection 
and enhance 
absorption. 
The assembly 


volume 
will 
influence 
the 
choice 
of 
materials. 
Fixture 


dimension 
tolerances 
for 
locating 
the 
button 
must 
allow 


for 
expansion 
during 
soldering 
as well 
as allowing 
for 


button 
clearance. 


HEATING 
TECHNIQUES 


The 
following. 
four 
heating 
methods 
have 
their 
ad· 


vantages 
and 
disadvantages 
depending 
on 
volume 
of 


bullons 
to be soldered. 


1. Belt 
Furnaces 
readily 
handle 
large or small volumes 


and 
are 
adaptable 
to 
establishment 
of 
"on·line" 


assembly 
since 
a variable 
belt 
speed 
sets 
the 
run 


rate. Individual 
furnace 
zone controls 
make excellent 


temperature 
control 
possible. 
Cost 
ranges 
from 


$20,000 
to $30,000. 


2. 
Flame 
Soldering 
involves 
the 
directing 
of 
natural 


gas flame 
jets 
at the 
base of 
a heatsink 
as the 
heat- 


sink 
is 
indexed 
to 
various 
loading-heating-cooling- 


unloading 
positions. 
This 
is 
the 
most 
economical 


labor 
method 
of 
soldering 
large 
volumes. 
Flame 


soldering 
offers 
good 
temperature 
control 
but 
reo 


quires sophisticated 
temperature 
monitoring 
systems 


such 
as 
infrared. 
Cost 
ranges 
from 
$25.000 
to 


$40,000. 


3. Ovens are good for batch soldering and are produc· 
tion limited. 
There are handling problems because 
of slow cooling. Response time is load dependent, 
being a function of the watt rating of the oven and 


the 
mass 
of 
parts. 
Large 
ovens 
may 
not 
give 
an 
acceptable temperature gradient. Capital cost is low 
compared 
to 
belt furnaces and flame 
soldering. 


4. Hot Plates are good for soldering small quantities of 


prototype 
devices. 
Temperature 
control 
is fair 
with 
overshoot common becauseof the exposed heating 


surface. 
Solder 
flow 
and 
positioning 
can 
be 
cor- 


rected 
during 
soldering 
since the assembly 
is exposed. 


Investment 
cost is very 
low. 
Regardless of 
the heating .method used, a soldering 
profile 
giving the time·temperature relationship 
of the 
particular 
method must be determined to assure proper 
soldering. Profiling 
must be performed on a scheduled 


basis 
to 
minimize 
poor 
soldering. 
The 
time-temperature 
relationship will change depending on the heating meth· 
od used. 


SOLDER PROCESSEVALUATION 


Characteristics to look for when setting up the solder· 


ing process: 
I 
Overtemperature is indicated by 
anyone 
or all three 
of the following observations. 
1. Remelting of the solder inside the button rectifier 
shows the temperature has exceeded 2B50C and is 
noted 
by 
"islands" 
of 
shiny 
solder 
and solder 
dewetting 
when 
a unit 
is broken 
apart. 
2. Cracked die inside the button may be observedby a 


moving 
reverse 
oscilloscope 
trace 
when 
pressure 
is 
applied to the unit. 
3. Cracked plastic may be caused by thermal shock as 
well 
as overtemperature 
so cooling 
rate should 
also be checked. 
II 
Cold soldering gives a grainy appearance and solder 
build·up without a smooth continuous solder fillet. 'The 
temperature must be adjusted until 
the proper solder 
fillet 
is obtained 
within 
the maximum 
temperature 
limits. 


III Incomplete solder fillets result from insufficient solder 
or parts not making proper contact. 


IV Tilted 
buttons can cause a void in the soider between 
the heatsink and button rectifier which will result in 
poor heat transfer during operation. An eight degree 
tilt 
is a suggestedmaximum value. 
V Plating 
problems 
require 
a 
knowledge 
of 
plating 
operations 
for 
complete understanding of 
observed 


deficiencies. 


1. Peeling or plating separation is generally seenwhen 
a button 
is broken away for solder inspection. If 
heatsink 
or 
terminal 
base 
metal 
is 
present 
the 
plating is poor and must be corrected. 
2. Thin plating allows the solder to penetrate through 
to the base metal and can give a poor connection. 
A 
suggested minimum 
plating 
thickness 
is 300 


microinches. 


3. Contaminated soldering surfaces may out'gas and 


cause 
non-wetting 
resulting 
in voids 
in 
the 
solder 


connection. 
The 
exact 
cause 
is not 
always 
readily 
apparent and can be becauseof: 
(a) improper plating 
(b) mishandling of parts 


(cl 
improper 
and/or 
excessive 
storage 
time 


SOLDER PROCESSMONITORING 


Continuous 
monitoring 
of 
the 
soldering 
process 
must 
be established to minimize potential problems. All parts 
used in the soldering operation should be sampled on a lot 
by lot basis by assembly of a controlled sample. Evaluate 
the control sample by break'apart tests to view the solder 
connections, by physical strength tests and by dimensional 


characteristics 
for 
part 
mating. 
A shear test is a suggestedway of testing the solder 
bond strength. 


POST SOLDERING 
OPERATION 
CONSIDERATIONS 
After soldering, the completed assembly must be un· 
loaded, washedand inspected. 
Unloading must be done carefully to avoid unnecessary 
stress. Assembly fixtures should be cooled to room 
temperature so solder profiles are not affected. 
Washing is mandatory if an acid flux 
is used because 


of 
its 
ionic 
and 
corrosive 
nature. 
Wash 
the 
assemblies 
in agitated hot water and detergent for three to ten 


minutes. 
After 
washing; 
rinse, 
blow 
off 
excessive 
water 
and bake one hour 
at 
150°C 
to 
remove trapped 


moisture. 
Inspection should be both electrical and phYSical.Any 


rejects 
can be reworked 
as required. 


SUMMARY 
The Button Rectifier is an excellent building block for 
specialized applications. The prime example of its use is 
the output 
bridge of the automative alternator where 
millions 
are used each year. Although the material pre,. 


sented 
here 
is not 
all inclusive. 
primary 
considerations 
for 


use 
are 
presented. 
For 
further 
information, 
contact 
the 
nearest Motorola 
Sales Office or franchised distributor. 
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MEDIUM CURRENT SILICON RECTIFIERS 


... 
utilizing 
a MR 2500 
button 
type 
Rectifier 
inserted 
into a 
copper 
package, 
providing 
all its performances 
and reliability. 


Highly 
efficient 
for 
applications 
requiring: 


High Current 
Surge - 
400 
Amperes 
at Tj = 1750C 


Peak 
Performance 
at 
Elevated 
Temperature 
- 
35 
A 
at 
Tc = 1200C 


Low 
Cost 


TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
:TRA 


Rating 
Symbol 
1102 
1105 
1110 
1120 
1130 
1140 4360 
Units 


Peak Repetitive 
Reverse 
VRRM 
30 
75 
150 
300 
450 
600 
1100 
Volts 


Voltage 
Working 
Peak Reverse 
VRWM 
Voltage 
DC Blocking Voltage 
VR 


Non Repetitive Peak 
VRSM 
40 
100 
200 
360 
540 
720 
1300 
Volts 


Reverse Voltage 
(half 


wave, 
single 
phase, 
.50 Hz peak) 


Average Rectified 
For· 
ward 
Current 
(single 
'0 
35 
A 
phase, resistive load, 
50 Hz. TC = 1200C) 


Non 
Repetitive 
Peak 


Surge Current 
(surge 


applied at rated load 
IFSM 
400 (for 1 cycle) 
A 


conditions, half wave, 
single phase, 50 Hz) 


, 
12t Rating (non repetitive, 


I 
for t greater than 1 ms 
121 
800 
A2, 


and less than 10 ms 
(m,) 


I 
Operating and Storage 
Tj, Tstg 
Junction Temperature 
-6510 
+ 175 
°C 
Range 


Character 
IstlC 


Thernld: 
Rl?Slstance 
Junction 
10 Case 
IS,n';1ie S"Je Coo erj' 


CharacteristIcs 
and CondItIons 
Symbol 
Max 
UnIt 


Ma~inlUm Instantaneous 
Fo'~.•.•ard VOllage 
'F 
1 18 
VOIIS 


, 'F 
735 
AmI) 
Tr 
250Cl 


r-.1a"nlum Re~erse Cu~rent 
rated de \;ol1agel 
'R 
"A 


TC 
25°C 
100 


TC 
100°C 
000 


CASE: Void Free, Transfer Molded Button inserted into a Copper frame 


FINISH: 
All External Surfaces are Corrosion Resistant and the Contact Areas 
Readily Solderable 


POLARITY: 
Cathode to case,for Reversepolarity 
parts, add .•R" suffix. 
Ex : TRA 
1102 R 


CENTRAL 
TERMINAL: 
Upon special request any terminal 
can be welded on it. 


MAXIMUM 
TEMPERATURE 
FOR SOLDERING 
PURPOSES: 1900C 


TRA 11 02 SERIES 


MEDIUM-eURRENT 
SILICON 
RECTIFIERS 


30-1100 
VOLTS 


35 AMPERES 
DIFFUSED JUNCTION 


!wILLIMETERS 
I SClIES 


DIM 
MIN. 
'-tAX. 
MIS. 
P-!A'(. 
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1 b. no 
0.620 
o. b3n 
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4.00 
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D 
I. 95 
2. 10 
0.0'6; 
o ,08P 
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6.02 
6.68 
0.B7 
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5.08 
- 
0.1:00 
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n ft271 
o .DZ79 
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-p,-m-•• y2ol,m.} 
y20lacl 
+ y20ldcl 


RL 


v2m 


2RL 


o(squarel 
"" V2m 
- 100% 
== 50% 


RL 


(A full 
wave 
ClfCUlt 
has twice 
these 
efficiencies) 


As the 
frequency 
of the 
input 
signal is increased. 
the reverse 
recovery time of the diode {Figure 91 becomes significant, result- 
ing 
'" 
an 
Increasing 
ac 
vohage 
component 
across 
R L which 
is 
opposite 
in polarity 
to 
the 
forward 
current, 
thereby 
reducing 
the 
value of the efficiency 
factor a. as shown on Figure 10. 


It 
should 
be 
emphasized 
that 
Figure 
10 
shows 
waveform 


efficiency 
only; 
it does not provide a meaS;Jreof diode losses. 


Data was obtained 
by measurtng 
the ac component 
of Va with a 


true 
rms ac voltmeter 
and 
the de component 
with a de voltmeter. 


The data was used in Equation 1 to Obtain points for Figure 10. 


For a sine wave input Vm sin (wtl 
to the diode, assume 
the maximum theoretical efficiency factor becomes: 


y2m 


.2RL 
4 


al.ino) 
= y2 
m 
0 100%' -;;2 0 100%·40.6% 


4RL 


MOlorola 
'TRA11 
02 
Series 
rcclifiers 
"re 
dc,igned 
for 
prc)s fitted 
mounting in a 
he..,t 
SlIlk. 
Recommended 
proccdure~ 
lor this type of mountin!J Jrc 
<.isfollows: 


1. Drill 
a holti 
,n 
thc 
hCdt 
Sink 0.49\.!! 
0.001 
,nch 
in 
diameter. 


2. 
8, cdk 
the 
hole 
ed!JC as shown 
to prevent 
shearing 
off 
the 
knurled 
edge 
of 
the 
rectifier 
when 
it is pressed 
into 
the hole. 


3. 
The 
depth 
of 
the 
break 
should 
be 
0.010 
inch 
maxImum 
to 
retain 
maximum 
heat 
sink 
surface 
conlact 
with 
the knurled 
rectifier 
sur lace. 


4. 
Width 
of the 
break 
should 
be 0.010 
inch as shown. 
These 
procedures 
will allow 
proper 
entry 
of the rectifier 
knurled 
surtace, 
provide 
good 
rectifier· 
heat 
sink 
surface 
contact, 
and 
assure 
reliable 
rectifier 
operation. 
If the 


break 
is made 
too 
deep, 
thereby 
reducing 
contact 
area 


for 
heat 
transfer, 
reliability 
of 
operation 
will 
be 
im- 
palled. 
These 
devices 
can 
be 
mounted 
in 
a 
thin 
chassis 
by 


,nserlmg 
the 
rectifier 
through 
an 
additional 
heat 
sink 


plate 
which 
is mounted 
In intimate 
contact 
with 
the 


uppcr 
s,de 
of 
the 
chassis. 
This 
provides 
additional 


contact 
area 
for 
the 
rectitrer 
knurlcd 
edge, 
as well 
as 


JdcJill011al 
heat sink capacity. 


5 
fhe 
prcsSlllg 
force 
will vary 
from 
250 
Ibs (115 
daN) 


In 
1000 
Ih, 
(454 
daNl, 
dependi"g 
on 
the 
heal 
Sink 


rll.Jtenal used. 


Li 
PI ~~::'IIlY 
force 
must 
be 
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d 
tool 
hereunder 
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MAX. 
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AOQITIONAl 
HtAI SUUtf'lAll 


® MOTOROLA 


· .. 
compact, highly efficient 
silicon rectifiers for medium·current 
applications requiring: 


• 
High Current Surge - 400 Amperes @ TJ = 175°C 


• 
Peak Performance @ Elevated Temperature - 
25 Amperes @ 
TC~150°C 


• 
Low Cost 


• 
Compact, Package- 
For Optimum 
Efficiency in a Small 
CaseConfiguration. 


TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
TRA 
Characteristics 
Symbol 
2500 2501 2502 2504 2506 2508 2510 
Unit 


Peak Repetitive 
Reverse 
Voltage 
VRRM 
Volts 
Working 
Peak 
Reverse 
Voltage 
VRWM 
50 
100 
200 
400 
500 
800 
1000 
DC Blocking 
Voltage 
VR 


Non-Repetitive 
Peak 
Reverse 
VRSM 
Volts 


Voltage 
(halfwave. 
single 
phase. 
60 
120 
240 
480 
720 
960 
1200 


50 Hz peak) 


Average 
Rectified 
Forward 
Current 
10 
Amp 


(Single 
phase. 
resistive 
load. 
25 
50 Hz, TC" 
150 "C) 


Non-Repetitive 
Peak 
Surge 
IFSM 
Amp 


Current 
(surge 
applied 
@ rated 
400 
(for 
1 cvcle) 
load 
conditions. 
half 
wave, 


single 
phase. 
50 Hz) 
I Operating 
and 
Storage 
Junction 
TJ, Tug 
-65 to +175 
°C 


:-J 
Temperature 
Range 


ChwKtltr.ics..Mt 
Conditions 
Svmbot 
Mo. 
Unit 


Maximum Instantaneous 
Forward Voltage 
vF 
Volts 
OF'" 78.5 Amp, TC· 
25°C) 
1.18 


MIIximum Reverse Current (rated de voltage) 
IR 
.A 


TC - 25°C 
100 
TC'loo°C 
500 


CASE: Void Free. Transfer Molded 
Package soldered on copper Slug. 


FINISH: 
All 
External Surfaces are Corrosion Resistant and the Contact Areas 
Readily Solderable. 


POLARITY: 
cathode to Case. For Reverse Version, add "R" 
Suffix. 


MOUNTING 
POSITIONS: 
Any 


MAXIMUM 
TEMPERATURE 
FOR SOLDERING 
PURPOSES: 190°C 


WEIGHT: 
7.5 Grams (Approximately) 


TRA 2500 SERIES 


MEDIUM·CURRENT 
SILICON 
RECTIFIERS 


50-1000VOLTS 
25 AMPERES 
DIFFUSED JUNCTION 


l -[4 
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MILLIMETERS 
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MIN 
MAX 
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MAX 
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.100% 


a = -P-,m-,= v201,m,1 
V20locl 
+ V20ldcl 


RL 


V2m 
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(1(sQuare) 
= 
V2m 
- 
100% '" 50% 


RL 


(A 
full 
wave CIrCUIt has twice 
these 
efficiencies) 


As 
the 
frequency 
of 
the 
input 
signal 
is increased, 
the 
reverse 


recovery time of the diode (Figure 91 becomes significant. result- 
ing in an increasing ae voltage component 
across A L which 
IS 
opposite 
in polarity 
to 
the 
forward 
current. 
thereby 
reducing 
the 


value 
of 
the 
efficiency 
factor 
0, as shown 
on 
Figure 
10. 


It 
should be emphasized that 
Figure 
10 shows waveform 
efficiency 
only; 
it does not provide a measure of diode losses. 


Data was obtained 
by measuring 
the ac component 
of Va with a 
true 
rms ae voltmeter 
and 
the "de component 
with a de voltmeter. 


The data was used in Equation 1 to obtain points for Figure 10. 


For a sine wave input Vm sin (wt) 
to the diode. assume 
the maximum theoretical efficiency factor becomes: 


V2m 


.2RL 
4 
a(,in.l" 
V2m .100%"-;;2 .100%= 40.6% 


4RL 


MOUNTING 
INSTRUCTIONS 


Motorola 
TRA2500 
rectifiers 
are 
designed 
for 
press· 


fitted 
mounting 
in 
a 
heat 
sink. 
Recommended 
pro- 


cedures 
for this type 
of mounting 
are as follows: 


1. Drill 
a hole 
in the 
heat 
sink 
12.675 
± 0.25 
mr.1 in 
diameter. 


2. Break 
the 
hole edge as shown 
to prevent 
shearing 
off 
the 
knurled 
edge 
of the 
rectifier 
when 
it is pressed 
into the hole. 
3. The 
depth 
of the 
break 
should 
be 0.025 
mm 
maxi· 
mum to 
retain maximum 
heat sink surface contact 
with the knurled 
rectifier 
surface. 


4. Width 
of the break should 
be 0.025 
mm as shown. 


5. 
Introduction 
and 
pressing 
must 
be 
done 
in the 
in· 
dicated 
direction. 
Pressing 
force 
must 
be 
between 
115 
daN 
and 
454 daN. 


Note: 
Heat sink material: 
- 
Copper - 
Max. 50 Rockwell 
F Hardness 


- 
Aluminium 
- 
Max. 65 Brinell Hardness 
Min. Thickness 4.5 mm 
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1 
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CHAPTER 18: ALPHANUMERIC 
INDEX 


Device 
Page 
Device 
Page 


1Nl183,A 
thru 1Nl190,A 
17-1 
MBR320P 
thru MBR340P 
17-47 


1Nl199B 
thru 1N1206B 
17-5 
MBR320M 
thru MBR340M 
17-177 


1N3491 
thru 1N3495 
17-6 
MBR1520 
thru MB R1540 
17-181 


1N3659 
thru 1N3663 
17-10 
MBR2520 
thru MBR2540 
17-185 
1N3879 
thru 1N3883 
17-12 
MBR3020CTthru 
MBR3045CT 
17-189 


1N3889 
thru 1N3893 
17-17 
MBR3520 
thru MBR3545, H, H1 
17-191 
1N3899 
thru 1N3903 
17-22 
MBR4020 
thru MBR4040 
17-194 
1N3909 
thru 1N3913 
17-27 
MBR4020PF and MBR4030PF 
17-198 


1N3988 
and 1N3990 
17-5 
MBR6020 
thru MBR6045. H. H1 
17-202 


1N4001.S 
thru 1N4007, S 
17-32 
MBR7520 
thru MBR7545. H. H1 
17-205 


1N4997 
thru 1N5003 
17-33 
NDA100A 
thru NDA110A 
17-207 


1N4719 
thru 1N4725 
17-33 
NDA200 
thru NDA210 
17-209 
1N4933 
thru 1N4937 
17-35 
NDA220 
17-211 


1N4997 
thru 1N5003 
17-33 
NDA920A Series 
17-214 


1N5400 
thru 1N5408 
17-41 
NDA970A Series 
17-218 
1N5817 
thru 1N5819 
17-43 
NDA2500 
thru NDA2510 
17-222 


1N5820 
thru 1N5822 
17-47 
NDA3500 
thru NDA3510 
17-226 


1N5823 
thru 1N5825, H, H1 
17-51 
MJEl3002 
17-230 


1N5826 
thru 1N5828 
17-56 
MJEl3004 
17-236 


1N5829 
thru 1N5831. H, H1 
17-60 
MJEl3006 
17-244 


1N5832 
thru 1N5834 
17-64 
MJE13008 
17-252 


1N6095 
thru 1N6096 
17-68 
MR1-1000 
Series 
17-260 


1N6097 
thru 1N6098 
17-70 
MR250 Series 
17-263 
MR328 
thru MR331 
17-6 
40HF05 
thru 4OHFl60 
17-72 
MR500 
thru MR510 
17-265 
41HF05 
thru 41HFl60 
17-72 
MR750 
thru MR760 
17-271 


BA157 
thru BA159 
17-76 
MR810 
thru MR818 
17-275 
MR820 
thru MR826 
17-281 
BY126 
thru BY133 
17-82 
MR830 
thru MR836 
17-289 
BY196 
thru BY199 
17-86 
MR850 
thru MR856 
17-290 
BY206 
and BY207 
17-92 
MR860 
thru MR866 
17-298 
BY210 Series 
17-98 
MR870 
thru MR876 
17-303 
BY251 
thru BY255 
17-104 
MR910 
thru MR918 
17-308 
BY296 
thru BY299 
17-109 
MRl120.M 
thru MRl130. 
M 
17-312 
BY396 
thru BY399 
17-113 
MR1215SL and MR1219SL 
17-315 
BY406 and 
BY407 
17-121 
MR1245FL, SL and MR1249FL. SL 17-318 
BY550 Series 
17-127 
MR1265FL and MR1269 FL 
17-320 
BY601 
thru BY608 
17-135 
MR1366 
17-12 
BYS35 Series 
17-139 
MR1376 
17-17 
BYS60 Series 
17-143 
MR1386 
17-22 
BYS75 Series 
17-147 
MR1396 
17-27 


BYT25 Series 
17-151 
MR1815SL and MR1819SL 
17-315 
MR2000S 
thru MR2010S 
17-322 


BYW20 
thru BYW28 
17-154 
MR2500 
thru MR2510 
17-326 


BYW60 
thru BYW68 
17-157 
MR2525. L 
17-330 


BYW60M 
thru BYW68M 
17-160 
MR3491 
thru MR3495 
17-338 


BYW79 
17-154 
MR5005 
thru MR5040 
17-343 


BYW89 
17-157 
SD41 
17-345 
SD51 
17-349 
BYX10 
17-163 
SD241 
17-353 
BYX55 Series 
17-167 
TRA0750 
thru TRA0760 
17-355 


MBR020, H, H1 
17-173 
TRA1102 
thru TRAl140 
17-361 


MBRl15P 
thru MBRl40P 
17-43 
TRA2500 
thru TRA2510 
17-366 
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Reliability Considerations for the Circuit Designer 


Rectifier Selection Considerations 
- 
Series and Parallel Connections 


